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Scottish Insurance Corporation Ltd 

38 EASTCHEAP • LONDON • ECS 

TELEVISION 

SETS, 

RECEIVERS 

AND 

TRANSMITTERS 

Television Sets, Receivers and Short Wave Transmitters 
are expensive to acquire and you no doubt highly 
prize your installation. Apart from the value of your 
Set, you might be held responsible should injury be 
caused by a fault in the Set, or injury or damage 
by your Aerial collapsing. 

A "Scottish" special policy for Television Sets, 
Receivers and Short Wave Transmitters provides the 
following cover: 

(a) Loss or damage to installation (including in the 
case of Television Sets the Cathode Ray Tube) 
by Fire, Explosion, Lightning, Theft or Accidental 
External Means at any private dwelling-house. 

(b) (i) Legal Liability for bodily injury to Third 
Parties or damage to their property arising 
out of the breakage or collapse of the Aerial 
Fittings or Mast, or through any defect in 
the Set. Indemnity /(10,000 any one accident, 

(ii) Damage to your property or that of your 
landlord arising out of the breakage or 
collapse of the Aerial Fittings or Mast, but 
not exceeding £500. 

The cost of Cover (a) is 5/- a year for Sets worth £50 
or less, and for Sets valued at more than £50 the 
cost is in proportion. Cover (b) (i) and (ii) costs only 
2/6 a year if taken with Cover (a), or 5/- if taken alone. 

Why not BE PRUDENT AND INSURE your 
installation—it is well worth while AT THE VERY 
LOW COST INVOLVED. If you complete and return 
this form to the Corporation's Office at the above address 
a proposal will be submitted for completion. 

NAME (Block letters)   
{If lady, state Mrs. or Miss) 

ADDRESS (Block letters)..1.    

   REF: 5304 
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6 VALVE AM/FM 
TUNER UNIT 
Med. and VHF I90m-550m, 86 Mc/s- 103 Mc/s, 6 valves and metal rectifier. Self-contained power unit, A.C. 200/250V operation. Magic-eye indicator, 3 push- button controls, on/off, Med., VHF. Diodes and high output Sockets with gain control. Illuminated 2-colour perspex dial I 13-" x 4", chassis size I If" x 4" x 5J". A recommended Fidelity Unit for use with Mullard "3-3" or "5-10" Amplifiers. 
Bargain Price: Complete kit of parts, inc. Power Pack, £10.19.6, carriage and insurance, as illustrated. Ditto less Power Pack, £9.19.6. Carr. 7/6. Circuit and constr's details, 4/6 Free with kit. 

7 VALVE AM/FM RADIOGRAM CHASSIS New 1965 Model Now Available. 
Three Waveband & Switched Gram positions. Med. 200-550m. Long 1,000- ' CMfil PTfin 2,000m. VHF/FM 88-95 Mc/s. Phillips tMBl.t^ao Continental Tuning insert with perme- ability tuning on FM & combined AM/FM IF transformers. 460 kc/s and 10.7 Mc/s. Dust core tuning all coils. Latest circuitry including AVC & Neg. Feedback. 3 watt output. Sensitivity and reproduction of a very high standard. Chassis size IS-^'x 6?". Height 7i". Edge illuminated glass dial I li"x 34-". Vert, pointer Horiz. station :s. Gold on brown background. A.C. Aligned and tested Carr. & r,c*dy £13.19.6 Ins. 7/6. 
names.   . _ 200/250V operation. Magic-eye tuning. Circuit diag. now available. 
Comp. with Tape, O/P socket, ext. spk'r and P/U sockets and indoor F.M. aerial, and 4 knobs—walnut or ivory to choice. 3D P.M. Speaker only required. Recommended Quality Speakers 10" Eiac, 27/6. 13^" x 8" E.M.I. Fidelity, 37/6. 12" R.A. with conc. Tweeter, 42/6. Carr. 2/6. 
Jack Plugs. Standard 2^" Igranic Type, 2/6. Screened Ditto, 3/3. Miniature scr. l-jr", 2/3. Sub-min. 1/3. Jack Sockets. Open Igranic Moulded Type, 3/6. Closed Ditto, 4/-. Minia- ture Closed Type, 1/6. Sub-min. (deaf aid) ditto, 1/6. Stereo Jack Sockets, 3/6. Stereo Jack Plugs, 3/6. Phono Plugs, 9d. Phono Sockets (open), 9d. Ditto (closed), I/-. Twin Phono Sockets (open), 1/3. 

L.P. RECORDING TAPE 
BARGAIN OFFER! 

By leading British manufacturers— 
PROFESSIONAL GRADE—DOUBLE-SIDED (each side coated) Si" reels only 

Special Price Offer 1,450 feet (2 reels) 20/- post free 
Ideal for the experimenter who wants to record both sides, and a good L.P. Tape for the enthusiast who wishes to record single side only. 

BNoxw.d VALVES Reduced Bargain Prices 
IT4 3/6 EF80 7/6 PCF80 81- IRS 61- EF86 8/6 PCL83 10/6 IS5 61- EL33 12/6 PCL84 10/- 3S4 71- EL34 12/6 PCL85 11/6 3V4 71- EL84 71- PL36 10/6 ECC8I 71- EY5I 91- PL81 9/6 ECC82 71- EY86 91- PL83 81- ECC83 71- EZ80 71- PY33 10/6 ECL80 91- EZ8I 71- PY82 71- ECL82 10/- GZ32 9/6 U25 10/6 ECL86 10/6 PCC84 8/- UL84 91- 

50/12V 50/50V 100/25V 8/450V 41350V 16 +16/450V 

1/9 21- 

32 +32/450V 6/6 2000+4000/6V 1000/25V 3/9 I 

DE LUXE R/PLAYER KIT 
Incorporating 4 Speed Garrard Auto-Slim unit and Mullard latest 3 watt printed circuit amplifier (ECL 86 and EZ 80), volume, bass and treble controls, with 8" x 5" 10,000 line speaker. Superb quality repro- duction. Contemporary styled two-tone cabinet, charcoal grey an off-white with matching blue relief. Size: 17^" X 16" x £ 

COMPLETE KIT £13.19.6 Carr. & ins. 12/6 
Ready wired. 30/- extra. Illuminated Perspex escutcheon, 7/6 extra. 4 Contemp' legs 6" 10/6, 9" 11/6, 12" 12/6, ex. Catalogue & con struction details 2/6 (free with kit). 

STANDARD RECORD PLAYER KIT 
Using BSR UAI4 Unit, complete kit £11.10.0, carr. 7/6. Ready wired Amplifier, 7" x 4" quality Speaker and O/P trans., £3.19.6, carr. 2/6. BSR UAI4 Unit. £6.10.0, carr. & A ins. 5/-. Rexine covered cabinet in two-tone * maroon and cream, size I5i" X I4|" X Sj" with all accessories plus uncut record player mounting board 14" X 13", 59/6, carr. & ins. 5/-. 

ANOTHER TAPE RECORDER BARGAIN 
New re-designed contemporary Cabinet. Famous w Mfrs. end of production Surplus Offer 
A 24 gns. Tape Recorder offered at the fabulous |S|   ■rr^v1va|M^ bargain price of only 15 gns. + 10/-Carr. Sup- plied in 3 Units already wired and tested— only simple inter-Unit connections neces- sary. A modern Circuitfor quality recording from Mike, Gram or Radio, incorporating the latest BSR Twin Track Monardeck Type TD2. Housed in attractive two-tone Cabinet of contemporary design, size 14" x I3y" x 7?" complete with Tape and Mike storage pockets. Valve line up—EF86, ECL82, EM84, EZ80 and Silicon Diode. 
Complete Kit comprising items below. * 
BARGAIN PRICE 15gns. + 10/-carr. 
Cabinet and 7" x 4" Speaker, £3.5.0 + 5/- Carr. Wired Amplifier complete with Record/Playback Switching, 4 Valves, front Panel, Knobs, etc., £5.19.6 + 3/6 Carr. BSR Monar- deck Type TD2, £7.7.0 + 4/6 Carr. Accessories—Mike, Tape, empty Reel, screened Lead & Plugs, Instructions, etc., £1.0.0 + 2/- Carr. 

Grundig Continental. 3 p. or 5 p. plug, 3/6. Sockets, 1/6. Soldering irons. Mains 200/220V or 2301250V. Solon 25W Inst., 24/6. Spare Elements, 5/6. Bits, 1/3. 65W, 29/6, etc. Alumin. Chassis. I8g. Plain Un- drilled, folded 4 sides, 2" deep, 6" x 4", 4/6, 8" x 6", 5/9, 10" x 7", 6/9, 12" x 6", 7/6, 12" x 8". 81-. etc. Alumin. Sheet. I8g. 6"x6", I/-, 6"x 9", 1/6, 6" x 12". 2/-, 12" x 12". 4/6, etc. 

Volume Controls—5K-2 Meg- ohms, 3" Spindles Morganite Midget Type. lT"diam. Guar. I year. LOG or LIN ratios less Sw. 3/-. DP. Sw. 4/6. Twin Stereo less Sw. 7/6. D.P. Sw. 9/6 (100 k. to 2 Meg, only). ^ Meg. VOL Controls D.P. Sw. +" flatted spindle. Famous Mfrs. 4 for 10/- post free. 
COAX 80 OHM CABLE 

High grade low loss Cellular air spaced Polythene — i" diameter. Stranded cond. Famous mfrs. Now only 6d. per yard. 
Bargain Prices—Special lengths: 20 yds. 9/-. P. & P. 116. 40 yds. 17/6. P. & P. 2/-. 60 yds. 25/-. P. & P. 3/-. Coax Plugs I/-. Sockets I/-. Couplers 1/3. Outlet Boxes 4/6 

Electrolytics All Types New Stock 
TUBULAR | CAN TYPES 25125V 1/9 8+8/450V 4/6 16 + I6/450V 5/6 32 +32/275V 4/6 2/-I 50+50/350V 6/6 2/3 60+250/275V 12/6 " 100+300/275V 12/6 

Close Tol. S/Micas—10% 5pF-500pF 8d. 600-5,000pF I/-. 1% 2pF-IOOpF 9d. l00pF-500pF lid. 575pF-5,000pF 1/6. Resistors—Full Range lOohms- 10 megohms 20% i and 3d., ditto 10% 4d., JW 5d. (Midget type modern rating) IW 6d., 2W 9d. Hi-Stab 5% i-iW 100 ohms I megohm 6d. Other values9d. l%iW 1/6. W/W Resistors 25 ohms to I OK 5W 1/3, I0W 1/6, I5W 2/-. Pre-set T/V Pots. W/W 25 ohms-50K 3/-. 50K-2 Meg. (Carbon) 3/-. Speaker Fret—Expanded gilt ano- dised metal i" x i" diamond mesh, 4/6 sq. ft., multiples of 6" cut. Max. size, 4ft. x 3ft. 47/6. Carr. extra. Ditto, finer mesh, 4/6 sq. ft. Multiples 12" only, max size 3ft x 2ft. 27/6. Plus Carr. 
TYGAN FRET (contemp. pat.) 12" x 12" 2/-, 12" x 18" 3/-, 12" x 24" 4/-, 18" x 18" 4/6, etc. 
BONDACOUST Speaker Cabinet Acoustic Wadding, superior grade, I" thick, 18" wide, any length cut 2/3 per ft, 6/— per yd. 

ENAMELLED COPPER WIRE— ilb reels, I4g-20g, 3/-; 22g-28g, 3/6; 36g-38g, 4/9; 39-40g, 5/-, etc. 
TINNED COPPER WIRE—l4-22g. 41- i lb. 
PVC CONNECTING WIRE—10 colours (for chassis wiring, etc.)—Single or stranded conductor, per yd., 2d. Sleeving, I mm. and 2mm., 2d. yd., etc. 
KNOBS—Modern Continental types' Brown or Ivory with Gold Centre, I "dia., 9d. each; 11", 1/3 each; Conc. knobs with gold centre I J" dia., 2/9 per pair. Match- ing ditto, 2/6 each. LARGE SELECTION AVAILABLE. 

TRANSISTOR COMPONENTS 
Midget l.F.'s—465 kc/s tV' diam., first, second or third 5/6 Osc. coil M. & L.W. tV' diam. 5/0 Midget Driver Trans. 9:1 6/0 Ditto O/Put Push-pull 3 ohms 6/0 
Elect. Condensers—Midget Type 15V lmfd-50mfd, ea. 1/9. lOOmfd. 2/-. 
Ferrite Aerial—M. & L. W. with car aerial coupling coil, 9/3. 
Condensers—150V. wkg. .01 mfd. to .04 mfd., 9d. .05 mfd., .1 mfd., I/-. .25 mfd., 1/3. .5 mfd., 1/6, etc. 
Tuning Condensers. J.B. "00" 208 + I76PF, 8/6. Ditto with trimmers, 9/6. 365pF single, 7/6. Sub-min. i" DILEMIN lOOpF, 300pF, 500pF, 7/-. 
Midget Vol. Control with edge control knob, 5kD with switch, 4/9, ditto less switch, 3/9. 

JASON FM TUNER UNITS Designer-approved kit of parts: 
FMTI, 5 gns. 4 valves, 20/-. FMT2, £7.10.0. 5 valves, 35/-. JTV MERCURY 10 gns. 3 valves, 22/6. JTV2 £13.19.6. 4 valves, 28/6. NEW JASON FM HAND- BOOK, 2/6. Prompt Alignment Service 7/6. P. & P. 2/6. 

3/6 Ersin Multicore Solder 60/40, 4d. per yard. Cartons 2/6, etc. 
MULLARD "3—3" & "5—10" HI-FI AMPLIFIERS 

3 OHM & 15 OHM OUTPUT 
"3-3" Amp. 3-valve, 3 watt, Hi-Fi quality at reasonable cost. Bass Boost and Treble controls, quality sectional output trans- former, 40 c/s-25 kc/s it IdB. 100mV for 3W, less than 1% distortion. Bronze escutcheon panel. 
Complete Kit only 7 gns. Carr. 5/-. Wired and tested £8.10.0 
MULLARD "5-10" AMPLI- FIER—5 valves I0W, 3 and 15 ohms output. 

Mullard's famous circuit with heavy duty ultra-linear quality output tfr. 
Basic amplifier kit price £9.19.6. Carr. 7/6. Ready built 11i gns. 
2-VALVE PRE-AMP. UNIT   Based on Mullard's famous 2-valve (2 x Er86) circuit with full equalisation with volume, bass, treble, and 5-position selector switch. Size 9" x 6" x 2i''. Ready built, wired and tested, £7.19.6. Carr. 3/6. 

-■ ■ ;■ 

Condensers—S/Mica all values 2pF to 
l,000pF 6d. Ditto Ceramic 9d. each, 
.005, .01 and .1, etc., I/—. Paper 
Tubular 450V .001 mfd, to .01 mfd and 
.I/350V 9d., .02-.I mfd I/-. .25 mfd 
1/6, 5 mfd 1/9. 

Speakers P.M.—2" Piessey 75 ohms, 15/6. 2i" Continental 8 ohms, 13/6. 7" x 4" Piessey 35 ohm, 23/6. Ear Plug Phones—Min. Continental type, 3ft. lead, jack plug and socket. High Imp. 8/-. Low Imp., 7/6. High sensitivity M/coil 8-10 ohms. 12/6. 
Est. 
1946 

Send for detailed bargain lists, 3d. stamp. We manu- facture all types Radio Mains Transf. Chokes, Quality O/P Trans., etc. Enquiries invited for Specials, Proto- types for small production runs. Quotation by return. 
RADIO COMPONENT SPECIALISTS 
70 Brigstock Road, Thornton Heath, Surrey THO 2188. Hours; 9 a.m.-6.m., I p.m. Wed. Terms C.W.O. or C.O.D. Post and Packing up to J/b. //-.. I lb. 119, 3 1b. 31-, 51b. 319, 81b. 4/6. 
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HI-FI AMPLIFIERS TUNERS — RECORD PLAYERS 

20 + 20 GARRARD STEREO PLAYER AMP. AT-60 AA-22U 

TRANSISTOR MIXER. Model TM-1. A must for the tape enthu- 
siast. Four channels. Battery operated. Similar styling to Model AA-22U 
Amplifier. Kit £11.16.6 Assembled £16.17.6 
20 + 20W TRANSISTOR STEREO AMPLIFIER. Model AA-22U. 
Outstanding performance and appearance. Kit £39.10.0 (less cabinet). 
Attractive walnut veneered cabinet ^2.5.0 extra. 
GARRARD AUTO/RECORD PLAYER. Model AT-60. 
less cartridge £13.1.7 With Decca Deram pick-up £17.16.1 inch P.T. 
Many other Garrard models available, ask for Lists. 
HI-FI MONO AMPLIFIER. Model MA-5. A general purpose 5W 
Amplifier, with inputs for Gram., Radio. Presentation similar to S-33. 

Kit £10.19.6 Assembled £15.10.0 
llllilillillllllllillllllllllllllllllllllllllllllllN 

low 
POWER 

AMP. 
MA-12 

iS I 2 + 3W 
STEREO 

AMP. 
S-33H 

HI-FI MONO AMPLIFIER. Model MA.12. 10W output, wide freq. range 
low distortion. Kit £11.18.0 Assembled £15.18.0 
3 + 3W STEREO AMPLIFIER. Model S-33. An easy-to-build. low cost unit 
2 inputs per channel. Kit £13.7.6 Assembled £18.18.6 

t
STE

t
REO AMPLIFIER. Model S-33H. De luxe version of the W1,th <wo-tone grey perspex panel, and higher sensitivity necessary to accept the Decca Deram pick-up. Kit £15.17.6 Assembled £21.7.6 

HI-FI STEREO AMPLIFIER. Model S-99. 9 + 9W output. Ganged controls. Stereo/Mono gram., radio and tape inputs. Push-button selection. 
Printed circuit construction. Kit £28.9.6 Assembled £38.9.6 

atPco1^ SUPPLY UNIT. Model MGP-1. Input 100/120V, 200/250V 40-60 c/s. Output 6.3V, 2.5A A.C. 200, 250, 270V, 120mA max. D.G. 
Kit £5.2.6 Assembled £6.12.6 

Make the most of the winter evenings,., 

FOR THE INSTRUMENTALIST 

NEW! STARMAKER-33 
TRANSISTOR PA/GUITAR AMPLI- 
FIER, PA-2. 20 Watt amplifier. Two 
heavy duty speakers. Four inputs. Two 
channels. Variable tremolo. Speed and 
depth controls. Weight 511b. 
18" high x 29" wide x 10" deep. 

Kit £44.19.0 Assembled £59.10.0 
Castors or legs available as extras. 

TRANSISTOR RECEIVERS 

UXR-2 

UXR-1 

UJR-1 

"OXFORD" LUXURY PORTABLE. 
Model UXR-2. Specially designed for use 
as a domestic, car or personal portable 
receiver. Many features, including solid 
leather case. Kit £14.18.0 inch P.T. 

TRANSISTOR PORTABLE. Model UXR- 
7* Pre-aligned I.F. transformers, printed 
circuit. Covers L.W. and M.W. Has 7" 
x 4" loudspeaker. Real hide case. 

Kit £12.11.0 inch P.T. 
JUNIOR EXPERIMENTAL WORKSHOP. 
Mode] EW-1. More than a toy! Will make 
over 20 exciting electronic devices, incl: 
Radios, Burglar Alarms, etc. 72 page Manual. 
The ideal present! Kit £7.13.6 inch P.T. 

JUNIOR TRANSISTOR RADIO. Model 
UJR-1. Single transistor set. Excellent 
introduction to radio. Kit £2.7.6 inch P.T. 

ARE YOU ON OUR MAILING LIST? 
hUPP CATALOGUE of full range 
INSTRUMENT BROCHURE 
AMATEUR RADIO BROCHURE or 

Full specification of any model gladly sent on request 

INSTRUMENTS 

lNEW!l 3 LOW-PRICED SERVICE OSCILLO- SCOPE. Model OS-2. Compact size 5" x 7|" 
x 12" deep. Wt. only QJlb. "Y" bandwidth 
2 c/s-3Mc/s + 3dB. Sensitivity lOOmV/cm. T/B 
20 c/s-200 kc/s in four ranges, fitted mu-metal 
CRT Shield. Modern functional styling. 

Kit £22.18.0 Assembled £30.8.0 
5" GEN-PURPOSE OSCILLOSCOPE. Model 
10-12U. An outstanding model with pro- 
fessional specification and styling. "Y" band- 
width 3 c/s-4.5 Mc/s±3dB T/B 10 c/s-500 kc/s. 

Kit £35.17.6 Assembled £45.15.0 
DE LUXE LARGE-SCALE VALVE VOLT- 
METER. Model IM-I3U. Circuit and speci- 
fication based on the well-known model V-7A but 
with many worth-while refinements. 6" Ernest 
Turner meter. Unique gimbal bracket allows 
operation of instrument in many positions. Modern 
styling. Kit £18.18.0 Assembled £26.18.0 
AUDIO SIGNAL GENERATOR. Model AG-9U. 
10 c/s to 100 kc/s, switch selected. Distortion less than 
0.1%, 10V sine wave output metered in volts and dB's. 

Kit £22.10.0 Assembled £30.10.0 
VALVE VOLTMETER. Model V-7A. 7 voltage ranges 
d.c. volts to 1,500. A.c. to 1,500 r.m.s. and 4,(300 peak 
to peak. Resistance 0.1Q to 1,000MQ with internal battery. 
D.c. input resistance 11MQ. dB measurement, has 
centre-zero scale. Complete with test prods, leads and 
standardising battery. 

Kit £13.18.6 Assembled £19.18.6 
MULTIMETER. Model MM-1U. Ranges 0—1.5V to 
1,500V a.c. and d.c.; ISOptA to 15A d.c.; 0.2Q to 20MQ. 
4j" 50pA meter. Kit £12.18.0 Assembled £18.11.6 

R.F. SIGNAL GENERATOR. Model RF-1U. 
Up to 100 Mc/s fundamental and 200 Mc/s on 
harmonics. Up to lOOmV output. 

Kit £13.8,0 Assembled £19,18.0 
lNEW!l SINE/SQ GENERATOR. Model IG-82U. Freq. range 20 c/s-1 Mc/s in 5 bands 
less than 0.5% sine wave dist. less than 0.15 p. 
sec. sq. wave rise time. 

Kit £24.10.0 Assembled £36.10.0 
TRANSISTOR POWER SUPPLY. 
Model IP-20U. Up to 50V, 1.5A output. 
Ideal for Laboratory use. Compact size. 

Kit £12.18.0 Assembled £18.10.0 

OS-2 

IM-13U 

RF-1U 

IG-82U 
Many other Instruments. 
Please send for details of 

complete range. 
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TAPE AMPLIFIERS TAPE DECKS CONTROL UNITS 

FM 
TUNER 
FM-4U 

NEW 
MAGNAVOX 

DECK 

HI-FI FM TUNER. Model FM-4U. Also available in two units. R.F. 
tuning unit (£2.15.0 incl. P.T.) with I.F. output of 10.7 Mc/s, and I.F. 
amplifier unit, with power supply and valves (£13.13.0). 

Total Kit £16.8.0 

MAGNAVOX "363" TAPE DECK. The finest buy in its price 
range. Operating speeds: 1J", 3i" and 7^" p.s. Two tracks, "wow" 
and "flutter" not greater than 0.15% at p.s. j^IS.IO.O 

HI-F7 AM/FM TUNER. Model AFM-1. Available in two units 
which, for your convenience, are sold separately. Tuning heart 
(AFM-T1—£4.13.6 incl. P.T.) and I.F. amplifier (AFM-A1—£22.11.6). 
Printed circuit board, 8 valves. Covers L.W., M.W., S.W., and F.M. 
Built-in power supply. Total Kit £27.5.0 

TRUVOX 
DECK 

AM/FM 
TUNER 

TRUVOX D-93 TAPE DECKS. High quality stereo/mono tape decks. D93/2, 
^ track, £36.15.0 D93/4, \ track, £36.15.0 
TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type 
recording indicators, press-button speed compensation and input selection. 
Mono Model TA-1M. Kit £19.18.0 Assembled £28.18.0 
Stereo Model TA-1S. Kit £25.10.0 Assembled £35.18.0 
MONO CONTROL UNIT. Model UMC-1. Designed to work with the 
MA-12 or similar amplifier requiring 0.25V or less for full output. 5 inputs. 
Baxandall type controls. Kit £8.12.6 Assembled £13.12.6 
STEREO CONTROL UNIT. Model USC-1. Push-button selection, 
accurately matched ganged controls to ±ldB. Rumble and variable low-pass 
filters. Printed circuit boards. Kit £19.10.0 Assembled £26.10.0 

tnfryyourself building a Heathkit model 

SSU-1 

Berkeley 

SPEAKER SYSTEMS 
HI-FI SPEAKER SYSTEM. Model SSU-1. 
Ducted-port bass reflex cabinet "in the 
white". Two speakers. Vertical or horizontal 
models with legs, Kit £12.12.0, without 
legs, Kit £11.17.6 incl. P.T. 
|NEW!| BERKELEY Slim-line SPEAKER 
SYSTEM, fully finished walnut veneered 
cabinet for faster construction. Special 12" 
bass unit and 4" mid/high frequency unit. 
Range 30-17,000 c/s. Size 26" x 17" x only 
7deep. Modern attractive styling. Ex- 
cellent value. 

Kit £18.10.0 Assembled £23.0.0 
COTSWOLD SPEAKER SYSTEMS. Out- 
standing performance for price. 
MFS: Size 36" x 16i" x 14" deep. 

Kit £25.12.0 Assembled £33.17.0 
STANDARD: Size 26" x 23" x 14*" deep. 

Kit £25.12.0 Assembled £33.17.0 

HI-FI CABINETS 
A wide range available including: 
PLAYBOX Table Player. Available in 
walnut, mahogany or teak finish. 

Assembled £10.10.0 
GLOUCESTER. Kit 

£18.10.0 incl. P.T. 
MALVERN. Kit £18.1.0 incl. P.T. 
CHEPSTOW. Kit £11.12.6 incl. P.T. 

PLAYBOX 
finished Cabinet 

MANY OTHER BRITISH MODELS 
Send for free Catalogue 

Deferred terms available in U.K. over £10. 
Extended terms over £75. Send for details. 

DAYSTR0M LTD 
DEPT. RG.I 
GLOUCESTER 

ci 

GC-1U 

RG-1 

AMATEUR" EQUIPMENT 
THE "MOHICAN" GENERAL COVER- 
AGE RECEIVER. Model GC-1U. With 
4 piezo-electric transfilters, variable tuned 
B.F.O. and Zener diode stabiliser, this is 
an excellent fully transistorised general 
purpose receiver for Amateur and Short 
wave listeners. Printed circuits, telescopic 
aerial, tuning meter and large slide-rule dial. 

Kit £37.17.6 Assembled £45.17.6 
AMATEUR BANDS RECEIVER. Model 
RA-1. To cover all the Amateur Bands 
from 160-10 metres. Many special features, 
including: half-lattice crystal filter; 8 valves; 
signal strength "S" meter; tuned R.F. 
Amp. stage. 

Kit £39.6.6 Assembled £52.10.0 
160-10M TRANSMITTER. Model DX- 
100U. Careful design has achieved high 
performance and stability. Completely 
self-contained. 

Kit £79.10.0 Assembled £104.15.0 
COMMUNICATIONS TYPE RECEIVER. Model 
RG-1. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 kc/s— 
1.5 Mc/s and 1.7 Mc/s-32 Mc/s. 

Kit £39.16.0 Assembled £53.0.0 
REFLECTED POWER METER and SWR BRIDGE. 
Model HM-11U. Indicates reliably, but inexpensively, 
whether the RF power output of your TX is being 
transferred efficiently to radiating antenna. 

Kit £8.5.0 Assembled £10,10.0 

AMERICAN HEATHKIT "AMATEUR" EQUIPMENT 
A wide range of American Amateur SSB equip- 
ment is now available in the U.K. Why not send 
for full details of range, for example: 

80-10M RECEIVER. Model SB-300E. 
Of advanced design employing up-to-date con- 
struction techniques, its specification ensures 
unparalleled performance. 
Kit £139.0.0 (less speaker) price incl. carriage, duty, etc. 

HM-11U 

SB-300E 

Without obligation please send me 
FREE BRITISH HEATHKIT CATALOGUE 
FULL DETAILS OF MODEL(S)    
(Please write in BLOCK CAPITALS) 
NAME -       
ADDRESS    

(Tick here) 

DEPT. RC.1 
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iIZE 
iff" X 1|" X I" 

7 TRANSISTOR 

TWO-OUTPUT 

F.M. UNIT SINCLAIR MICRO F M 

THE WORLD'S FIRST POCKET-SIZE 

FM TUNER-RECEIVER 
• A.F.C. 
• NEEDS NO 

ALIGNMENT 

• PULSE COUNTING 
DETECTOR 

• TUNES FROM 
88-108 Mc/s 

• A GUARANTEED 
SINCLAIR DESIGN 

The SINCLAIR MICRO FM is a high quality FM tuner designed to 
be used with hi-fi amplifier or tape recorder and as an independent 
self-contained pocket FM receiver for personal listening anywhere. 
Barely half the size of a packet of 20 cigarettes, the Micro FM is 
a fully fledged 7 translstor-2 diode superhet circuit incorporating 
many unique and original design features to achieve fantastically 
good standards of performance. Pulse counting detection ensures 
better linearity than conventional detection methods, and therefore 
better audio quality. Powerful A.F.C. and good sensitivity make 
tuning easy. The set's own telescopic aerial suffices almost every- 
where. In styling, this is the most elegant, most professional looking design 
in miniaturised equipment ever ™°d?^'°'^btl

t?.xHESE0WONDERFU°L 
will be very proud to possess. YET WITH ALLVTHESE VVONUhKhUL. 
FEATURES, THE SINCLAIR MICRO FM COSTS POUNDS 
LESS AND OFFERS ADVANTAGES NOT FOUND IN ANY 
OTHER F.M. TUNER. 

USE IT AS A TUNER AND A POCKET F.M. RADIO 

Should you not be completely satisfied 
/"llADAMTCC w'th your purchase when you receive UUMIvriri I CC it from us, your money will be refunded in full and at once without question 

if TECHNICAL DESCRIPTION 
Seven transistor, two diode F.M. superhet. The telescopic aerial is coupled to an K.K amplifier followed by a self-oscillating mixer. Low l.F. dispenses with the need for align- ment. A three stage l.F. amplifier amplifies and limits the signal to produce a square wave of constant voltage which is fed into the pulse counting discriminator, and converted to uniform pulses, the average output from which is directly proportional to the signal frequency, so that the original modulation is reproduced exactly. The signal is fed to the audio output socket for use with an amplifier or recorder and also the receiver's own audio amplifying stage for the Micro FM to be used as an independent self_c

1
ont^1"®d

clC^l
1 ^id A.F.C. makes tuning simple. THE blNL-LAlK MICRO FM is housed in a neat plastic case faced by an elegant front panel of brushed and polished aluminium with spun aluminium tuning dial to match. 

■fc SUPPLY VOLTAGE—9V from self- contained standard battery if CONSUMPTION—5mA if SENSITIVITY—Typically 3 microvolts ic AUDIO OUTPUT—300-MV approx. from 25K ohms if HIGH LEVEL AUDIO OUTPUT 
if AUmO RESPONSE—10 to 20,000 c/s ± IdB if TUNING RANGE—87.5 to 108 Mc/s i SIGNAL TO NOISE RATIO—30dB at 30 microvolts 
THE COMPLETE KIT OF PARTS for building the SINCLAIR MICRO FM including extending aerial, 7 transistors, case, tuning dial, aluminium front panel, lightweight ear- piece, plugs and sockets and instructions *" cost only 

SINCLAIR MICRO 

It's the smallest radio 

set in the world! 
No transistor set has ever yet compared with the six-stage 
Micro-6 for size, power, performance and design. ^No set has ever 
given such pleasure and satisfaction both in building and using it. 
It gives you the whole of Europe to listen to, and all over the 
world constructors are loud in their praise for the Micro-6. 
Everything except the light weight earpiece is contained within 
the tiny, elegant white, gold and black case. Important features 
include bandspread at the higher frequency end of the tuning for 
easy reception of Luxembourg, powerful A.G.C. to counteract 
fading of distant stations, and vernier type tuning. Quality is 
outstandingly good. Many thousands of Micro-6 receivers have 
been built all over the world, and it cannot be too highly recom- 
mended as an intriguing design to build and a most practical 
radio to use. When you have built it you will want your Micro-6 
with you always—and it plays everywhere! 

AMAZING CIRCUITRY 
Six-stage circuit using 3 special Micro-Alloy tran- sistors (M.A.T.s) provides 2 stages of R.F. amplifi- cation, double diode detector and high gam 3-stage A.F. amplifier plus A.G.C. Tunes over the Medium Waveband. Two self-contained batteries give about 70 hours working life. All parts including Transistors, case, dial, P A f lightweight earpiece, all parts and easy ctF to follow instructions come to J O COMPLETE 
MALLORY MERCURY CELL ZM3I2I(2 required) each l/l I (Pack of 6—10/6) 

istors, case, tuning 

£5.19.6 

SIZE — 
14/5"x IS/k/'xI/z- 

WEIGHT—1 oz. 
• 

TUNES OVER 
MEDIUM WAVES 

• 
AMAZING POWER 
AND SELECTIVITY 

• 
BUILD IT IN A 

SINGLE EVENING 
• 

BANDSPREAD FOR 
LUXEMBOURG 

• 
PLAYS ANYWHERE 

FULL SERVICE FACILITIES ALWAYS AVAILABLE TO SINCLAIR CUSTOMERS ^ 

SINCLAIR RADIONICS ltd., 
—-JJJM COMBERTON. CAMBRIDGE Telephone: COMBERTON 682 m 
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A NEW SINCLAIR AMPLIFIER 

SINCLAIR 

Z.I2 

COMBINED 
AMPLIFIER 
AND 
PRE-AMP 

Ready built, 
tested and 
guaranteed 

SINCLAIR PX-1 POWER PACK £2.14.0 

A TINY, VERSATILE AMPLIFIER 

GIVING 12 WATTS R.M.S. OUTPUT 

The Sinclair Z.12 is a universally flexible amplifier in which great 
power and extreme smallness are the outstanding features. It 
comes to you ready built and can be incorporated to great advantage 
into any high quality hi-fi system. Its small size and high efficiency, 
however, make it equally useful for a guitar, for car radio, P.A. 
system or any other application where high quality is the first 
requirement. The Z.12 Incorporates its own pre-amplifier to 
which you add the tone and volume control system of your choice 
as shown in the Z.12 manual supplied with the amplifier. The 
size, the performance, and the price of the Sinclair Z.12 all favour 
the constructor who wants the best in modern transistor equip- 
ment; in fact, the Z.12 is unbeatable in every way and is today's 
finest buy in top grade high fidelity. 

SIZE— 
3" x U x H" 
WEIGHT— 
3 oz. 

TRUE HI-FI 
PERFORMANCE 

OPERATES 
FROM 6 TO 20 
VOLT SUPPLY 

TECHNICAL DETAILS 
High fidelity amplifier with pre-amp and uitra-linear 
class B output. Eight special H.F. transistors are used 
in original circuitry to achieve laboratory standards of 
performance. Generous negative feedback ensures 
extra good quality. 
Frequency Response—15 to 50,000 c/s ±1dB 
Output—12 watts RMS continuous sine wave (24 watts 
peak); 15 watts RMS music power (30 watts) peak 
Output Impedance—suitable for 3, 7.5 and 15 0^l^s 

speakers. Two 3 ohm speakers may be used in parallel 
if required. 

Input—2mV into 2K ohms 
Signal to Noise Ratio—better than 60dB 
Quiescent Current Consumption—15mA 
Power Supply—6 to 20V d.c. from power unit available 

or batteries. 
Ideal for operation from a 12 Volt battery. 

r 

SINCLAIR GUARANTEE 
All purchases from Sinclair Radionics Ltd., Comberton, Cambridge, 
are covered by this simple, straightforward guarantee as follows: 
Should you not be completely satisfied with your purchase when 
you receive it from us, your money will be refunded in full and 
at once without question. 

Should you prefer not to cut this page, please quote R.C. I when writing your order. 

SINCLAIR RADIONICS 1 

LTD. 
COMBERTON, CAMBRIDGE 

Tel: Comberton 682 

ORDER FORM 

To: SINCLAIR RADIONICS LTD., 
COMBERTON, CAMBRIDGE 

Please send items detailed below: 

1 

For which I enclose cash/cheque/money order 

NAME  
ADDRESS 

L_ 
RC1 J 
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CDCE TO AMBITIOUS ENGINEERS 

■ ~ THE latest edition of engineering opportunities 

WHICH IS YOUR 
PET SUBJECT? 
Mechanical Eng., 
Electrical Eng., 

Civil Engineering, 
Radio Engineering, 
Automobile Eng., 
Aeronautical Eng., 
Production Eng., 
Building, Plastics, 
Draughtsmanship, 

Television, etc. 
GET SOME 

LETTERS AFTER 
YOUR NAME ! 
A.M.I.Mech.E. 

A.M.I.C.E. 
A.M.I.Prod.E. 

A.M.I.M.I. 
A.I.O.B. 

B.Sc. 
A.M.I.E.R.E. 
City & Guilds 

Gen. Cert, of Ed. 
Etc., etc. 

PRACTICAL 
EQUIPMENT 

Basic Practical and Theore- 
tic Courses for beginners in 
Radio, T.V., Electronics, 
Etc., A.M.I.E.R.E., City & 

Guilds Radio Amateurs' Exam. 
R.T.E.B. Certificate 
P.M.G. Certificate 

Practical Radio 
Radio & Television 

Servicing 
Practical Electronics 

Electronics Engineering 
Automation 

INCLUDING 
TOOLS! 

The specialist Elec- 
tronics Division of 
B.I.E.T. 
NO W offers you a 
real laboratory 
training at home 
with practical 
equipment. Ask 
for details. 
B.I.E.T. 
SCHOOL OF 
ELECTRONICS 

Have you sent for your copy ? 
ENGINEERING OPPORTUNITIES 
is a highly informative 156-page guide to 
the best paid engineering posts. It tells 
you how you can quickly prepare at 
home for a recognised engineering quali- 
fication and outlines a wonderful range 
of modern Home Study Courses in all 
branches of Engineering. This unique 
book also gives full details of the Practi- 
cal Radio & Electronics Courses, ad- 
ministered by our Specialist Electronics 
Training Division—the B.I.E.T. School 
of Electronics, explains the benefits of 
our Employment Dept. and shows you 
how to qualify for five years' promotion 
in one year. 

SATISFACTION OR 
REFUND OF FEE 

Whatever your age or experience, you cannot afford to miss reading this famous book. If you are earning less than £30 a week, send for your copy of "ENGINEERING OPPORTUNITIES" today —FREE. 
BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 

(Dept. 752B), 29 Wright's Lane, London, W.8 

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD 

POST COUPON NOW 
Please send me your FREE 156-page 

"ENGINEERING OPPORTUNITIES' 
(Write if you prefer not to cut page) 

NAME  
ADDRESS  

SUBJECT OR EXAM 
THAT INTERESTS ME 

1 

752B 

IMPROVED STANDARDS of Accuracy and Reliability! 

Modern styling in light 
grey with legible black 
engraving. 
Constructed to withstand 
adverse climatic condi- 
tions. 
Ever ready case including 
leads, prods and clips. 
Improved internal 
assemblies. 
Re-styled scale plate for 
easy rapid reading. 2 
basic scales each 2.5 
inches in length. 
New standards of 
accuracy using an indi- 
vidually calibrated scale 
plate: d.c. ranges 2.25% 
of full scale deflection, 
a.c. ranges 2.75% of full 
scale deflection. 
Available accessories in- 
clude a 2,500V d.c. multi- 
plier and 5, 10 and 25A 
shunts for d.c. current 
measurement. 

As from 1st November, 196S 
Avo are operating a new nett 
Price List. Full details on 
request. 

i 

The Mk. 4 MULTIMINOR, the latest 
version of this famous Avo instrument, 
supersedes all previous models. It is styled on 
modern lines, with new high standards of 
accuracy, improved internal assemblies, and 
incorporating panclimatic properties. 
The instrument is supplied in an attractive 
black carrying case, which also houses a pair 
of leads with interchangeable prods and clips, 
and an instruction booklet. It is packed in an 
attractive display carton. Robust real leather 
cases are available, if required, in two sizes, 
one to take the instrument with leads, clips 
and prods, and the other to house these and 
also a high voltage multiplier and a d.c. shunt. 

D.C. Current: IOOijA f.s.d. — 1A f.s.d. in 5 ranges. 
A.C. Voltage; 10V f.s.d. — 1,000 f.s.d. in 5 ranges. 
D.C. Voltage: 2.5V f.s.d. — 1,000 f.s.d. in 6 ranges. 
D.C. Millivolt range: 0 — 100mV f.s.d. 
RESISTANCE: 0-2Mf2 in 2 ranges, using 1.5V cell. 
SENSITIVITY: 10,000 Q/V on d.c. Voltage ranges. 

1,000 Q/V on a.c. Voltage ranges. 

MULTIMINOR## 

Write for 
leaflet 

XTD AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, LONDON, SWt Telephone: Victoria 3404 IfSov 
MM/17 
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SPECIAL OFFER 

1 Watt S.T.C. 300 Mc/s N.P.N. Silicon Planer 100% 
Transistors, £1 for 6. 

3/- each OC44, OC45, OC70, OC71, OC81, OC81D, 
OC200, GET16, GET20. 

4/- each AF114, AF115, AF116, AF117, OC170, 
OC171. 

5/- each OC139, OC140, GET7, GETS, GET9, 
XC141, BY 100, OA211. 

SUN SOLAR CELL KIT 
4 Sun Solar Cells plus 24-page Booklet on Experiments, 

11/-set. 

G.P.O. DIAL TELEPHONES 
20/- each 35/- pair 

Send 6d. for Full Lists including S.C.R. Zeners, etc. 

CURSONS 
78 BROAD STREET, CANTERBURY, KENT 

L 

Any holes in 

your knowledge of 

TRANSISTORS? 
Whatever your interest in transistor 

circuitry, you will find the Mullard " Reference 
Manual of Transistor Circuits" and "Transistor 
Radios — Circuitry and Servicing valuable 
sources of reference. 

The former describes more than sixty 
circuits for both domestic and industrial 
applications. 

The latter is an introduction to the sub- 
ject and describes the basic properties of 
semiconductors, their function, elementary 
circuitry and servicing. 

1 
REFERENCE 
MANUAL OF 
TRANSISTOR 
CIRCUITS 
U.K. PRICE 
12/6 
Post extra 1/- 

TRANSISTOR 
RADIOS 
Circuitry and 
Servicing 
U.K. PRICE 
5/- Post extra 6d. .iT^. 

IM"11*"1! Get your copies from your radio dealer, or send 
remittance with order to: 

MULLARD LTD MULLARD HOUSE TORRINGTON PLACE- LONDON WC1 

IR AJTV 

fSl 

FIRST QUALITY PVC TAPE 
5i" Std. 850ft V- 5" L.P. 850ft 
7" Std. 1200ft 11/6 3" T.P. 600ft 
3" L.P. 240ft 41- 5" T.P. 1800ft 
51" L.P. 1200ft 11/6 51" T.P. 2400ft 
7" L.P. 1800ft 18/6 7" T.P. 3600ft 

P. & P. on each 1/6, 4 or more post free. 

10/6 
10/6 
25/6 
32/6 
42/6 

Complete with 
Variable Thermo- 
stat 90° to 180oF. 
20 amp. A.C. and 
GECdouble pole 
20 amp. mains 
switch. 11", 14", 
17", 30" and 36". 
State length re- 
quired. £2.0.0, 
plus 5/- P. & P. 

3kW IMMERSION HEATER 

"PREMIER" KETTLE ELEMENT 
1000W, 5/- plus 3/- P. & P. Retaining nut and 

flange 2/6, switch plug to suit 2/6. 
G.E.C. FLAT HEATER 
ELEMENT 500W 

Can be used for wash boilers, 
washing machines, etc. Five or 
six elements can be used in 
parallel to give 2500/3000W. 
Size 5?" x 1 i", copper enclosed. 
2/6 each, P. & P. 1/-. 4 or more 
post paid. 

3 to 4 WATT 
AMPLIFIER KIT 

comprising 
chassis Sj 
x2i x 1". 
Double 
wound 

transformer, 
output transformer, volume and 
tone controls, resistors, conden- 
sers, etc. 6V6, ECC81 and metal 
rectifier. Circuit 1/6, free with 
kit. 29/6, plus 4/6 P. & P. 

40W FLUORESCENT LIGHT 
KIT incorporating GEC Choke size 8i" 
x 1i" x 2 bi-pin holders, starter and 
starter holder, 11/6. P. & P. 4/6. 
Similar to above: SOW Fluorescent Light 
Kit incorporating GEC choke size 11i" x 

1i"x 1i", 2 bi-pin holders, starter and starter holder, 17/6. P. & P. 5/6. 
8-watt 5-valve PUSH-PULL 
AMPLIFIER & METAL RECTIFIER 
Size: 9" x 6" x U" A.C. Mains 200-250V 5 valves. 
For use with Std. or L.P. records, musical < 
instruments, all makes of pick-ups and mikes. » 
Output 8 watts at 5 per cent total distortion. 
Separate bass and treble lift controls. Two 
inputs, with controls, for gram, and mike. Output Transformer 
tapped for 3 and 15 ohms speech coils. Built and tested. £3.19.6. 
P. & P. 8/-. 
POWER SUPPLY KIT to purchasers of Elegant Seven parts, incorp- 
orating mains transformer, etc. A.C. mains 
200-250V. Output 9V 50mA. 
7/6d. extra. 

'ELEGANT SEVEN'Mk... ■ -; ;V, ■.cn 

ONLY 

£4.4.0 
Plus bit Post & Packing 

Combined Portable and Car Radio 
The Radio with the "Star" Features 

7-transistor superhet. Output 
350mW. 
Wooden cabinet, fitted handle 
with silver coloured fittings. 
Size 12i" x 8i" x 3i". 
Horizontal tuning scale, size 11i" x 
2|" in silver and black lettering. 

if All stations clearly marked. 
if Ferrite-rod internal aerial. 
if I.F. Neutralisation on each stage. 

460 kc/s. 
if D.C. coupled output stage with 

separate A.C. negative feed back. 
if All components, ferrite rod and tuning assembly mounted on 
printed board. if Operated from PP9 battery. if Full compre- 
hensive instructions and point-to-point wiring diagrams. if Printed 
circuit board, back printed with all component values. if Fully 
tunable over medium and long waveband. if Car aerial socket. 
if Full after-sale service. 4" SPEAKER. 

Parts list and circuit diagram 2/6, FREE with parts. 
Shop Hours 9 a.m.-6 p.m. Early Closing Wednesday 

Goods not despatched outside U.K. Terms C.W.O. All enquiries Stamped Addressed Envelope. 
RADIO & TV COMPONENTS (ACTON) LTD. 
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HOME RADIO LTD., Dept. RC, 187 London Road, Mitcham, Surrey Phone: mit 3282 

G 

<?o 

A NEWL/NE! Hammer 
finish paint in Black, 
Blue or Silver. Give 
your work a profes- 
sional finish. Price 
for 2i oz. tin, only 
3/6 plus 2/- post & 
packing. 

Don't forget our famous Components Cata- 
logue. 210 interesting pages, plus 21 
page Supplement, listing 5,800 items, 
900 of them illustrated. Price 7/6 plus 
1/6 post & packing. The catalogue 
contains 5 coupons, each value 1/- 
when used as directed. Send the 
Coupon off today with your cheque or 
P.O. for 9/-. 

GONE 

WITH 

A 

SWING! 

"GONE with a Swing!" was what we asked 
our tame artist to illustrate, but the clot has 

misunderstood our meaning. We were referring 
to our BARGAIN PACKS of Resistors and Con- 

densers!! They were so popular that we are re- 
introducing them while stocks last! Here they 
are. , . . 

FIRST The ever popular pack of sixty i watt Erie type Resistors 
(at least thirty different preferred values between 10 ohms and 10 
megohms). Value approx. 25/-. Going at 10/6 post free. 
SECOND The less popular but equally useful pack containing 
thirty different Erie type T2 Resistors, 2 watt rating, all preferred 
values between 22 ohms and 3.3 megohms. Value approx. 20/-. 
Going at 7/6 post free. 
THIRD A new pack consisting of Silver Mica, Moulded Mica and 
Paper Condensers. Silver Mica values: 15, 25, 65, 71, 80, 160, 200, 
240, 330, 470, 1000, 1500, 1670, 4000pF. (The 470pF are 750 volts). 
Twelve out of these fourteen values are included in this pack. 
Moulded Mica values: 68, 820, 1000pF and .002, .005, .OIjxF. (The 
.002[i.F are 2250 volts test.) Five out of these six values are 
included in this pack, plus one .02|i,F paper 750 volts, and one .1{i.F 
plastiseal T.C.C. 750 volts. Value approx. 15/-. Going at 5/6 
post free. 

Anyone ordering all three packs will get them at the special price of 
21/-, plus a free Colour Code Calculator, value 1/6. 

Please write your Name and Address in block capitals 

Name  

Address 

Home Radio Ltd., Dept. RC, 187 London Rd., Mitcham, Surrey 
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Practical Pulse Techniques 

for the Amateur   By A. Thomas 

A survey of simple pulse circuits of particular interest to the home-experimenter 

Transistor pulse circuits have many practical 
uses for the amateur enthusiast, especially in 
the field of test equipment. The following 

review of the building blocks of pulse circuits will 
be practical and carried out with a minimum of 
mathematics. All the circuits and component values 
given have been proven by use. The majority of the 
circuitry is designed for single frequency operation 
but by the alteration of a capacitor or resistor the 
operating frequency may be modified. 

Multivibrator 
The free running multivibrator or astable trigger 

is the basis of a range of similar circuits. The 
circuit of Fig. 1 shows it as a square wave generator 
The frequency of operation is given by the formula 

f=0.7 (Ci x R1)+0.7 (C2 x R2)' If Cl eqUalS 02 

and Ri equals R2 then the output will be a 50:50 
waveform. The ratio may be altered by increasing 
or decreasing either of the time constants, each time 
constant being calculated independently; i.e. if a 
negative-going pulse is required from output 1 with 
a duration of 0.1 seconds and off for 0.01 seconds, 

then Ci= * where t=0.1 seconds and Ri = 
U.7 Kj 

0.015Mi2, whereupon Q lOjxF. €2=^ where 
0.7 R2 

t=0,01 seconds and R2=0.015Mn then C2 l^F. 

The circuit as shown will, with changes in Cj and 
C2, generate square waves with frequencies from 
1 cycle per minute to 50 kc/s. To generate lower 
frequencies than 1 c.p.m. the values of Q and C2 
become very large and the leakage current through 
the capacitor increases proportionally. The values 
of Ri and R2 may be increased but in doing so the 
base current is lowered and if the transistor gain is 
insufficient the circuit will not switch. The upper 
frequency limit is governed by the transistor type 
selected, if high frequency transistors are used the 
upper limit may be several megacycles. 

The battery voltage may be from 4.5 up to 15 
volts provided transistors of adequate ratings are 
employed, and the transistor Hfe figure should be 
between 20 and 200 at a collector current of 10mA. 
The output from either collector may be fed into 
a load of 2kfl minimum via a coupling capacitor. 

Monostable Trigger 
This circuit is known as the monostable multi- 

vibrator, pulse generator, or delay generator. Its 
main function is in producing a known pulse width 
or a predetermined delay. 

The circuit shown in Fig. 2 may be recognised 
as being similar to that of Fig. 1 except for the 
difference in the coupling from TR2 collector to 
TRi base. The circuit may be triggered by a 
negative-going pulse on TRi base or a positive-going 
pulse on TR2 base. Outputs may be taken from 

■O -I2V 

OPIo— 

R2 Iknf cl 
f O-OSuF 

Ikn I5kn 15 kn 
o OP2 OR I 

OOSjjF 

TR 
-2 7 

n OP 2 

220n -IO 

-oO 
Fig. 1. A multivibrator and the waveforms produced. (The circuit will also function with the 220Q resistor omitted and 

the emitters taken direct to the positive supply line.) With the component values shown, f=1 kc/s 
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Output I o 

Input I o- 

IkA Ikn 

8-2kn 
ww- 

' "2 TR, 

8-2 KA 
220a 

« —12 V 
Rl Input I -5 
I5kn 

Input 2 + 5 
O  k k L 

« Output 2 
O -2 

o Input 2 output I 
-IO- 

O- 
-2" 

Output 2 
-oO -IO- 

Fig. 1. A monostable trigger 

either collector but TR2 is preferred as it is a better 
pulse shape. 

In the quiescent condition, TRi is cut off and 
TR2 is conducting, this condition being maintained 
by the low collector voltage of TR2 holding TRi 
base low, and the current through TR2 emitter 
holding the 220n resistor at a voltage above that 
of TRi base, therefore reverse-biasing TRi- 

A negative pulse fed into TRj base will switch 
TRi on, and TRi collector will swing towards earth, 
TR2 base will follow due to the coupling capacitor 
Ci, and TR2 will then switch off. The base end of 
Ci will then start to charge towards battery voltage 
via resistor Ri until it reaches a point negative to 
that held by TR2 emitter. TR2 will then turn on 
and TRi will turn off. 

The delay time is calculated from the formula 
t=0.7 Ci Ri, and the circuit will operate over the 
range 10(xS to 1 minute, the limits being as for the 
previous section. 

To use this circuit as a delay generator, the delay 
time is determined and Q selected accordingly. 
The negative square pulse output from TR2 collector 
can be differentiated by a capacitor and a resistor, 
these giving a negative-going and a positive-going 

Manual trigger 

i OOI IMni Ikn, Ikn 

WW Push d 3'2kn 
B2kn 
vw Output I 

Input I o OOluF 
TRo 

8-2 kn Input 3 8 2kn 
220n 

spike; the positive spike is then used to carry out 
the function required, see Fig. 12. 

The circuit may also be used to divide down the 
input frequency (e.g. 1 kc/s to 200 c/s). The 
practical maximum dividing factor is 5, beyond that 
the circuit may become erratic. If it is required to 
generate a 200 c/s waveform from 1 kc/s, then the 
capacitor Cj will be five times the value it would be 
for a 50:50 waveform at 1 kc/s (i.e. 0.25[iF). 

Bistable Trigger 
The bistable trigger is also known as the Eccles- 

Jordan trigger and binary divider. The circuit has 
two stable states and can remain in either state 
indefinitely. The triggering pulse may be fed into 
either side or into a common point. Referring to 
Fig. 3, if an input pulse is fed in at input 1 then a 
second pulse must be fed in at input 2 to return 
the circuit to its original state. Under these con- 
ditions the circuit may be used to gate another 
signal for the time interval between the two pulses. 

If a train of suitable pulses is fed into the emitters 
at input 3, the circuit will switch from one state 
to the other for each input pulse. Therefore if the 
output is taken from either collector the frequency 

«-l2V 

input 3_°y Y Y T 
-o Output 2 2^S 

-2—1 
Output I 

o Input 2 
-IO~ 

o- 
-2 

Output 2 
-IO—1 

o O 

Fig. 3. A bistable trigger 
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3-2ka TH 

220A 

Ikn 
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(a) 

Fig. 4 (a). The Schmitt trigger 
(b). The input circuit required for sine wave squaring 

(c). A photo-cell input circuit 
(d). Thermistor input circuit 

(e). Inserting a relay in the collector circuit of TR2 

will be half of the input frequency. A second 
bistable trigger may be connected to the first via 
suitable coupling, whereupon the output from the 
second trigger will be a quarter of the frequency at 
the input to the first trigger. This may be carried 
out ad infinitum, each stage dividing by two. By 
suitable cross connecting, a train of binary dividers 
may be made to divide by 10 or other factors. The 
binary divider train can be used to count pulses and 
to stop the pulses when a predetermined number is 
reached. Six binary dividers can count up to 63 
pulses and seven can count up to 127, etc. The 
collector-to-base capacitors are provided to assist 
in switching rapidly from one state to the other. 

To understand more fully how the circuit of 
Fig. 3 can switch from one state to the other when 
a pulse is fed to the emitters, consider Fig. 3 when 
the circuit of Fig. 13 is coupled to it. In the quiescent 
condition assume TRj is conducting and TR2 is cut 
off. A negative-going pulse at the emitter follower 
base (Fig. 13) will produce a negative pulse 2trS 
wide across the 2200 resistor in Fig. 3. TRi is then 
driven into cut off and TR2 is cut off harder. TRi 
collector rises to almost —12 volts, and this rise in 
poteptial is rapidly transferred to TR2 base by the 

<■ —12 V 

22kn 

TR 

RB2 
22kn Rl 

Ikn 

Output 

I OAS 
Ikn  oTR| base 

(d) 

-l^ 

2. QkA] 7 1 Cll 

TR2 1 

collector 

ExL 
circuit 

(e) 

capacitor C2. The potential at TRi base is held for 
a short time by Cj at the same voltage as in the 
quiescent condition. At the end of the 2ttS, TR2 
switches on .due to the base being more negative 
than TRi base. TR2 switching on results in cumula- 
tive action, and TRi is held off. The next negative 
pulse at the emitters results in a further change of 
state. 
Schmitt Trigger 

The Schmitt trigger is an extremely useful circuit. 
It has been found to offer a reasonably accurate 
method of measuring a voltage and causing a certain 
function to be carried out when a predetermined 
level is reached. It may also be uSed for pulse 
shaping or for squaring a sine wave. 

Referring to Fig. 4 fa), in the quiescent condition 
and with no input, TRi is cut off and TR2 is con- 
ducting. When the input potential reaches a certain 
negative level TR| starts to conduct, its collector 
voltage falls and takes TR2 base with it. As TR2 
starts to turn off, the emitter voltage falls causing 
TRi to conduct more; this is a cumulative condition 
and results in a rapid transition between the two 
states. The circuit will remain in this condition 
until TRr input voltage falls slightly below that at 
which the circuit switched over. It will then switch 
rapidly back. The capacitor Q is a speed up element 
and may not be required at frequencies below 
5 kc/s. 

-I2V 

Input 

« O 

RB 
22 kn 

T-m) 
TR, TRa 

RB2 Rl 22kn ikn 

■o Output 

oO 
Fig. 5. Emitter follower Fig. 6. Darlington emitter follower 
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Fig. 7. Bootstrap emitter follower 
Figs. 4 (ft) to (e) shows various types of input for 

the circuit of Fig. 4 (a). Fig. 4 (ft) shows the input 
circuit used for squaring a sine wave, where the 
trigger fires when the negative half-cycle of the sine 
wave reaches approximately 2 volts and returns to 
the quiescent condition as it passes through zero, 

-o - I2V 

Fig. 8. An inverter amplifier 
Emitter Follower 

The emitter follower is a convenient method of 
impedance matching, the input impedance being 
high and the output impedance low. There is no 
voltage gain, the output voltage is slightly less than 
the input voltage, this being very similar to the valve 

Normal 
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33kn <33kn 

Output I OAS Square 
Hi 11 mpu 

TR, 
c2 OAS 

Output 2 
25ko r2 33 kn I Ma IMn 
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T 

_L 
T T 

Output 
"T r Y Y T 

Differentiated 
input 

Pulse adder 

Fig. 9. A phase splitter. By incorporating the diode pulse adder, frequency doubling may be achieved 
therefore giving an 8 volt square wave at output 1. cathode follower. 
Fig. 4 (c) shows a means of detecting a change in 
light intensity by using the change of resistance of a 
photo cell. Fig. 4 (d) enables the circuit to fire at a 
predetermined temperature in the same way that a 
thermostat operates. Fig. 4 (e) shows the collector 
circuit of TRz modified to operate a relay. 

Fig. 5 shows an emitter follower circuit, the input 
impedance Z a' Rl and the output impedance 
Z where a" is the common collector current 

Ct 
gain, this value being very similar to a', the common 
emitter current gain. Rl is the emitter resistor and 

f C| c? (M 
(pF) (pF) (pF) 

5c/s 2000 IOOO SOO 
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Fig. 10. Triangular wave generator and amplifier. The 1 volt wave shown appears at the collector of TR2 
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Rs the source resistance. Rj, supplies base current 
to bias the emitter follower in the quiescent con- 
dition. With a suitable value in position Rbi, the 
stage may be turned hard on and the emitter will 
sit at almost —12 volts, a positive-going pulse at the 
base will then turn the stage off and a positive-going 
pulse will appear at the emitter. With a suitable 
value in position Rb2 the stage is normally held off, 
and a negative-going pulse at the base will turn on 
the transistor and a negative-going pulse will appear 
at the emitter. 

With resistors in positions Rbi and Rb2 the stage 
may be biased such that the emitter sits at —6 volts 
and the stage will accept both positive-going and 
negative-going signals. The resistors Rb are in 
parallel with the input impedance and limit the 
range of this circuit. 

Darlington Emitter Follower 
The circuit of Fig. 6 shows a modified form of 

emitter follower, where the input impedance is 
greatly increased, it being the product of the 
individual gains of the transistors multiplied by the 
load resistance, a"i x a"2 x Rl. This circuit suffers 
from the same disadvantage as the previous circuit, 
since Rb is in parallel with the input. 

Bootstrap Emitter Follower 
The circuit of Fig. 7 shows a method of over- 

coming the disadvantage of the previous two 
circuits, the output signal being fed back to the input 
in such a way that the input current is fed mainly 
into the base and not into the biasing network. 
High input impedances may be obtained with this 
circuit. 

The circuit is more suitable for audio signal use 

Input Output 

f 
(c/s) 

C 
(pF) 

R 
(kn) 

1 1 22 
IO Ol 22 

IOO OOI 22 
IK O-OOI 22 

IOK OOOOI 22 

Fig. 11. A staircase generator 

than pulse circuitry. The frequency response may 
be modified by changing the value of C|. 

Inverter Amplifier 
The stage shown in Fig. 8 is used for inverting, 

amplifying and pulse shaping. By selecting suitable 
values for Rbi and Rb2 the stage may be normally 
hard on or off, and the pulse at the base will appear 
inverted at the collector. The output pulse can be 
almost the same amplitude as the power supply. 

Phase Splitter 
The circuit of Fig. 9 may be used for audio or 

pulse circuits and provides two output signals, one 
at the collector and one at the emitter. The two 
outputs will be approximately the same amplitude 
but the phase difference will be 180°. The circuit 
is very useful when a positive-going signal and a 
negative-going signal are required from a common 
source. 

If a square wave is differentiated by the circuit 
shown in Fig. 12 and the output fed into the phase 
splitter, the negative or positive-going signals at 
the collector and the emitter may be added together 
via diodes thereby producing double the frequency 
of that at the input. This may then be fed into a 
monostable trigger for squaring. 

Triangular Wave Generator 
If a square wave is fed into the circuit of Fig. 10, 

and the preset potentiometer suitably adjusted, the 
output at the collector will be a triangular waveform. 
The product of Ri x Cj should be approximately 

Input from 
figs. 1,2,3,4 

-I2V 

TR, 
O-OIjjF 
II   o Output to input 3 - 

fig.3 470n 

Fig. 12. A square wave differentiating network Fig. 13. Emitter follower for coupling purposes 
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equal to — where Ri is in MO, Q is in [iF, and f is 

in cycles per second. The output signal amplitude 
will be linear with a peak value of lOOmV at the 
collector of TRi. 

Staircase Generator 
If a sequence of events is required at different 

voltage levels, then the staircase generator may be 
used. The input is a train of square waves with 
fast rise and fall times and flat tops. This is fed 
via a capacitor and a diode into a storage capacitor. 
For each input pulse, the storage capacitor receives 
an additional charge. This is fed into an emitter 
follower stage TRj. To discharge the storage 
capacitor, the low leakage silicon transistor TR2 
must be switched on by a negative-going pulse on 
its base. The discharge pulse may be generated after 
a predetermined number of pulses have appeared 
at the storage capacitor. 

Conclusion 
In designing the circuits described above, the 

author has kept the basic circuits as simple as 
possible and almost any low power germanium 
p.n.p. transistor may be used. Also, n.p.n. tran- 
sistors may be used if the power supply is made 
positive and the electrolytic capacitors and diodes 
are reversed. 

When altering values of components given here, 
ensure that the transistor collector voltage and 
current ratings and the maximum power dissipation 
are not exceeded. 

(A point to watch when using supply potentials 
higher than 9 volts or so is that the maximum 
reverse base-emitter voltage is not exceeded with 
transistors used in multivibrator-type circuits. 
Immediately after the change-over, the base of the 
turned-off transistor in such circuits is carried, by 
the coupling capacitor, over the same change of 
potential as the collector of the turned-on transistor. 
—Editor.) 

★ 
★ 
★ 
★ Horning Rodio Alnrm 

By W. BLACKBURN 

★ 
★ 
★ 
★ 

This simple addition converts your transistor radio 
into a musical alarm clock 

Faced with an ever-increasing difficulty in 
waking up in the morning, the author decided 
that the most suitable form of alarm would be 

a device that would switch on a transistor radio at 
a pre-determined time. 

On investigation, it was found that Lasky's Radio, 
207 Edgware Road, London, W.2, market a 
miniature clock movement with contacts that can 
be made to close at a pre-set time. This unit is the 
"Rotocontact" Miniature Clock/Time Switch, and 
it has a diameter of Hin and a depth of iin. 

Construction 
It was felt that it would be preferable not to fix 

the clock permanently to the radio, and so an 
adapter bush was made which enabled the clock to 
be mounted on the end of a standard jack plug. 
This bush may consist of either metal or plastic 
material. The clock contacts connect to the jack 
plug terminals, and care should be taken to ensure 
that the two connectors are not inadvertently short- 
circuited at the rear of the movement. 

A jack socket is mounted at a convenient point 
on the receiver cabinet or back. This socket should 
be of the type whose contacts short-circuit when the 
jack plug is removed. The socket used by the author 
was an Igranic component wired up as shown in the 
accompanying diagram. The socket contacts are in 

series with the lead to the positive terminal of the 
internal battery. When the jack plug is removed, 
the battery circuit is completed by the socket 
contacts and the receiver can be operated in the 
normal way. When the jack plug with clock 
attached is inserted, the radio only switches on 
when the clock contacts close. 

In use the clock is wound up and its bezel turned 
to set the alarm time. The radio is tuned to a 
suitable station and set to the desired volume. The 
jack plug is then inserted into the socket, whereupon 
the radio is automatically silenced until the pre-set 
time is reached. The clock contacts then close and 
the radio starts to operate again. 

The movement used by the author completes the 
circuit for approximately 30 minutes before opening 
and recommencing another cycle. If desired, the 
clock can be made a permanent feature, with a 
switch to short-circuit the clock contacts when the 
radio is required for normal use. 

It should be noted that the clock switch is intended 
for low voltage equipment. It should only be 
employed to control a battery transistor radio, and 
must not be used with a mains-operated receiver. 

Link 

UJ    

k0 

1' 1 

•To battery + 

To receiver + 
supply input 

B 

To receiver + 
supply input 
To battery + - 3=5 

-V □ 
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NEWS AND COMMENT . . . 

Rugby YLF Transmitter off the Air 

During the first six months of 1966, the time signal service at present 
provided by the Rugby VLF transmitter GBR on 16 kc/s will be transferred to 
Criggion VLF transmitter GBZ on 19.6 kc/s. 

Criggion will provide the service from 0001Z on 1st January, 1966, until 
approximately 30th June, 1966, when the time signal service will revert to 
Rugby, but users are advised to retain their capability for reception on 19.6 kc/s. 

Rugby was last off the air in 1941 when there was a large fire at the station 
(not due to enemy action) and was out of action for several months. Apart 
from scheduled maintenance periods it has been in operation ever since. 

The reason for the withdrawal of Rugby is to enable the transmitters to 
be modernised for frequency-shift keying. 

In addition to the existing on-off morse code transmissions on 16 kc/s it is 
intended to transmit 50-band teleprinter signals (i.e. element length 20 millisec.) 
by frequency-shift keying. The lower frequency will be 15.95 kc/s and the 
upper one 16 kc/s. The present accuracy of the 16 kc/s carrier will be retained 
and measures are being taken to prevent a phase shift in the wave when the 
aerial is retuned to change from on-off to frequency-shift keying and vice versa. 

The phase of each wave will be coherent throughout the transmission and 
there will be a smooth transition from one frequency to the other lasting for 
about 8 milliseconds, which is the response-time of the aerial. Therefore, if 
users of the constant-frequency service find it necessary to provide gating 
circuits in their receivers, there will be some 12 milliseconds of the required 
stable frequency available in each telegraph element. 

It is not the present intention to generate the 15.95 kc/s frequency to as 
high an accuracy as the 16 kc/s, although presumably the G.P.O. could do this 
if required. This would enable a stream of timing marks at 20 millisecond 
intervals to be derived from the frequency-shift transmission. It would probably 
be necessary to synchronise a local 50 c/s oscillator to smooth out small fluctua- 
tions in the interval introduced by the keying circuits and to cover groups of 
telegraph elements lasting several multiples of 20 milliseconds on one frequency. 

as . 

OVER 600 ATTEND 
INAUGURAL 

MEETING 

Addressing the Inaugural Meeting 
of the Institution of Electrical and 
Electronics Technician Engineers in 
London on 19 th October, the 
Postmaster-General, The Rt. Hon. 
Anthony Wedgwood Benn, M.P., 
said that one of the major bottle- 
necks in the development of higher 
technology in this country has been 
the shortage of people qualified to 
carry design, development and main- 
tenance further forward; therefore, 
the formation of the new learned 
society, and the contribution that it 
could make towards raising the 
status, efficiency and qualifications 
of the technician engineer was some- 
thing that would be of great value. 

Referring to the "enormous im- 
portance" of IEETE being set up, the 
Minister declared that it was much 
welcomed by the Government. 

The lecture, "The Future of Tele- 
communications", was by Mr. D. A. 
Barron, C.B.E., Engineer-in-Chief of 
the General Post Office, who it may 
be recalled, opened the 1965 Inter- 
national Radio Communications 
Exhibition. Mr. Barron illustrated 
his paper with many practical 
demonstrations of technical innova- 
tions being applied by the G.P.O. 

A capacity audience of over 600 
attended the Meeting, held in the 
Lecture Theatre, The Institution of 
Electrical Engineers. The IEETE 
President, Sir Harold Bishop, 
C.B.E., was in the Chair. 

OSCILLOSCOPE 
CAMERAS RECORD 

SONIC BANGS 

ABC oscilloscope cameras, 
marketed in this country by AVO 
(MI Group), are shown in the illus- 
tration alongside in use at the 
applied physics division of the 
Acoustical Section of the National 
Physical Laboratory. 

Dr. J. Bowsher is shown in a 
mobile experimental vehicle, using 
four ABC cameras to record wave 
formations of sonic bangs from high 
speed aircraft. 

These cameras enable distortion- 
less photographs of oscillograms to 
be taken and prints to be produced 
in ten seconds by the Polaroid 
system. 
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REDRESS 

Although in the last two issues we 
have rather poked fun at computers 
we are, of course, not "agin" their 
use but it is, perhaps, salutary to 
remember that there are limits to the 
abilities of these, and indeed all, 
modem aids to efficiency. 

In the next number of this maga- 
zine, on sale 1st Febmary, the whole 
of the "In Your Workshop" feature 
will be devoted to the basic concepts 
of computer logic circuits. This 
article will enable readers to easily 
comprehend the basic groundwork 
of computer theory, and the linking 
dialogue between Dick and Smithy 
provides an entertaining background 
to this fascinating subject. 

We are sure there will be those, in 
addition to our regular readers, who, 
either because of their employment 
or general scientific interest, will 
value the information given and the 
manner in which it is presented. 
You can recommend the article with 
confidence to any such; it is the best 
we have seen on the subject for the 
"ordinary bloke". 

We can't resist another little joke: 
Loving Wife: "Had a good day at 
the office, Darling?" Husband: 
"No, dear, I had a bad day, I'm 
tired out." Wife; "Why, dear?" 
Husband: "The computer broke 
down and we all had to think!" 

FIRST EVER 

In a report received from the 
Harlow and District Radio Society, 
we learned of a remarkable achieve- 
ment by one of its members, Mr. 
G. E. Read, G3ERN. It is claimed 
that he is the first amateur in this 
country ever to make a two-way 
contact with the North American 
Continent using an experimental 
transistor transmitter powered by 
nothing more than a 3s. 6d. 9 volt 
dry battery, using five transistors. 
The size of the transmitter is about 
that of a pocket receiver and was 
designed by Mr. Read. 

L" 

Boat Powered by Sunshine 

A boat powered entirely by solar energy has been demonstrated in the 
United States. It is a small lightweight craft of Haitian design, but the principle 
it uses can be readily applied to other types. 

Two large panels of solar cells—one mounted over the hull and the other 
on the bow—convert the energy of sunshine into electricity. This can be used 
directly by a motor or indirectly by charging batteries from which the motor 
can then draw its power supply. 

In practice, batteries are necessary to stabilise power supply—at such 
times as when the boat may be moving through shadow—though direct 
conversion has been used in demonstrations. 

Potential Uses in Developing Areas 
The boat was invented by John Hoke, an American, when he was serving 

in Surinam (Dutch Guiana) on the staff of the U.S. Agency for International 
Development (AID). His idea was that the boat would be useful in developing 
areas where fuel is scarce but sunshine is plentiful. 

At present, the high cost of solar cells makes sunshine-powered boats an 
expensive proposition, but AID, which sponsored the prototype boat, is 
encouraging researchers to find ways to reduce costs. 

The two panels of solar cells on the demonstration boat have a combined 
output of 150 watts in good weather. This means they could supply a total 
of 1,000 to 1,500 watts of power a day in good weather in the tropics, enabling 
the boat to operate on two motors at about five miles an hour. 

There would also be enough power for communications equipment and 
for a few power tools. 

'You're right, Auntie, it is an old set." 

m 
C^ ,'2.1.0 '/ 

% 

10 
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Fixed Voltoge Monitor 

SUGGESTED CIRCUIT No. 182 By G. A. FRENCH 

There are a number of occasions 
when it is desirable to have a 
warning device which responds 

to a single fixed voltage only, and 
which switches to its alternative 
state for voltages which are either 
greater or lower than the fixed 
voltage. A typical instance is given 
by the soak testing of, say, an a.f. 
amplifier having an intermittent 
fault. It would be normally un- 
desirable to have the amplifier in 
operation all the time whilst other 
work is in progress, because the 
continual sound from its loud- 
speaker would be a distraction. An 
alternative scheme consists of re- 
placing the loudspeaker of the faulty 
amplifier by a suitable resistive load, 
applying a test oscillator to its input 
and a simple rectifier circuit to its 
output, and connecting the rectified 
output voltage to a fixed voltage 
monitor. Provided the rectified 
voltage from the amplifier applied to 
the monitor remained constant, the 

©Transistor c 
AC 127 

b 
i m . e(o^o)c lead-outs \ y 

ACY18 

latter would indicate that the 
amplifier was working correctly. 
When the intermittent fault became 
evident, however, the amplifier out- 
put voltage would either increase or 
decrease, whereupon the monitor 
would at once give a visual or aural 
warning and the amplifier could then 
be examined whilst in the faulty 
condition. 

Another application would be 
given by temperature checks for 
greenhouses and the like. A simple 
thermistor circuit could provide a 
voltage varying with temperature, 
whereupon a fixed voltage monitor 
could keep a check on this voltage. 
Should temperature either increase 
or decrease, the monitor would then 
give warning. 

Further uses are given by the 
monitoring of power supply output 
voltages and similar applications. 

The fixed voltage monitor which 
forms the subject of the present 
article is capable of operating with 
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Fig. 1. The circuit of the fixed voltage monitor 

any pre-determined voltage over a 
range of zero to 8 volts. The device 
provides an "on" current which 
illuminates a bulb (or operates a 
relay) at a pre-determined input 
voltage, sensitivity being such that 
the 50% points of the "on" current 
are about 1 volt apart. 

The Circuit 
The circuit of the fixed voltage 

monitor appears in Fig. 1. It will 
be helpful at this stage to ignore Ri 
and R2, and to assume that a voltage 
increasing from zero to 9 volts 
negative (relative to the positive 
supply line) is applied to the base 
of TRi. 

Let us commence with zero volts 
applied to TRj base. Although TRi 
looks at first sight as though it were 
an emitter follower it cannot, with 
zero volts on its base, carry out such 
a function. This is because TRi 
emitter is held negative of its base 
due to the forward current flowing 
through the base-emitter junction of 
the n.p.n. transistor TR2. Assuming 
conventional current (from positive 
to negative), the current in the base- 
emitter junction of TR2 follows 
three routes. The first of these is via 
R3 and Rg. The second is via R5, 
R4, zener diode Di and Re. The 
third is via the base-emitter junction 
of transistor TR3, R4, zener diode 
Di and Re- The sum of these three 
currents flows through Re and the 
base-emitter junction of TR2, with 
the result that about 2 volts is 
dropped across these two circuit 
elements. The emitter of TRJ is, 
therefore, held negative of the 
positive supply rail by about 7 volts. 
At a base voltage of zero TRi is, in 
consequence, cut off, and it cannot 
operate as an emitter follower. 

As was just stated, with zero volts 
on the base of TRj, part of the 
current which flows in the base- 
emitter junction of TR2 is passed via 
the base-emitter junction of TR3. 
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This current is too low, however, to 
allow TR3 to pass any appreciable 
collector current. 

For all negative voltages at the 
base of TRi up to about 7 volts, the 
circuit remains in the same condition, 
since the base of TRi continues to 
be positive of its emitter. At about 
7 volts the base voltage for TRj 
becomes the same as the emitter 
voltage and, above this voltage, it is 
negative of the emitter. When 7 volts 
negative is reached, TRi commences 
to function as an emitter follower. 

As the base of TRi rises negatively 
above 7 volts, its emitter goes 
similarly negative. This causes a 
greater voltage to be dropped across 
R4 and R5, with the result that 
increased current flows in the base- 
emitter junction of TR3. The 
collector current of TR3 now com- 
mences to increase. At the same 
time the voltage at the junction of 
TRi emitter and Rg starts to go 
negative, causing a reduction in the 
current in the base-emitter junction 
of TR2. As the voltage applied to 
the base of TRi goes further 
negative, these two effects continue; 
that is, the current in the base- 
emitter junction of TR3 increases 
whilst the current in the base- 
emitter junction of TR2 decreases. 
When about 8 volts is applied to the 
base of TRj, the base-emitter 
currents in TR2 and TR3 are such 
that these two transistors are both 
capable of passing a collector 
current of 60mA, whereupon the 
bulb Bi, in their common collector 
circuit, glows at full brilliance. 

Negative voltages at the base of 
TRi which are greater than 8 result 
in a further reduction in base- 
emitter current in TR2, and this 
transistor then becomes unable to 
pass sufficient collector current to 
keep the bulb illuminated. 

Summing up the above explana- 
tion, it can be said that, for negative 
input voltages below about 8 volts 
at the base of TRi, a relatively high 
current flows in the base-emitter 
junction of TR2. This transistor 
could pass a high collector current 
but is unable to do so because of 
limited collector current in TR3. At 
negative input voltages at TRi base 
above about 8 volts, it is TR3 which 
passes a relatively high base-emitter 
voltage, but this transistor is pre- 
vented, in its turn, from passing a 
high collector current because of 
limited collector current in TR2. At 
about 8 volts input voltage the base- 
emitter currents in both TR2 and 
TR3 are such that each transistor 
passes 60mA collector current, and 
the bulb in their common collector 
circuit then becomes fully illu- 
minated. 

85, 
8 

7- 

6 

5 Voltage 
across 

load 4 

3 

2 

I 

Voltage Curves 
Fig. 2 gives two curves for load 

voltage against input voltage, as 
obtained with the prototype, and the 
curve which should now be examined 
is that designated "Load=Bi". This 
curve shows the voltage across bulb 
Bi for differing negative voltages at 
the base of TRj. For input voltages 
below 7, the voltage dropped across 
the bulb is 0.4, this resulting from 
the small current which is allowed 
to flow in the base-emitter junction 
of TR3. A voltage of 0.4 is, of 
course, too low to cause the bulb to 
show any illumination. After 7 volts 
input voltage the voltage across the 
bulb rapidly increases, rising to 6 
volts for an input voltage of 7.8. 
After 7.8 volts, the voltage across the 
bulb decreases just as rapidly, falling 
to zero (TR2 cut off) at an input 
voltage of 8.8. As will be seen, bulb 
illumination decreases rapidly for 
both increases and decreases in input 
voltage about 7.8 volts, this being the 
figure which corresponded to maxi- 
mum bulb illumination with the 
prototype components. 

Two further curves, also obtained 
from the prototype, are given in 
Fig. 3, and these show base current 
in TR2 and TR3 for input voltages 
from zero to 9 volts. Again, the same 
pattern is demonstrated. Up to 
7 volts, TR3 passes a low base- 
emitter current. After 7 volts, base 
current in TR3 increases. At the 
same time, TR2 passes a high base- 
emitter current up to about 7 volts, 
after which this decreases. At 7.8 
volts, the figure for maximum bulb 
illumination with the prototype, base 

Load -470n 

Load = B| 

currents are such that both tran- 
sistors can pass 60mA collector 
current. The two base current 
curves do not cross exactly at the 
7.8 volt co-ordinate because the two 
transistors will not have exactly the 
same gain.* 

Notes on Components 
We have not, as yet, considered the 

functions offered by all the com- 
ponents in the circuit, and this we 
shall next proceed to do. 

R7, in series with bulb Bi, is 
merely a dropping resistor. Nearly 
8 volts appear between the two 
collectors when TR2 and TR3 pass 
60mA, whereupon R7 ensures that 
6 volts appear across the bulb under 
these conditions. Bi is a Radiospares 
6V 0.06A pilot light. 

The function of R3 is to ensure 
that sufficient current is drawn 
through the base-emitter junction of 
TR2 to enable it to pass an adequate 
collector current. The current 
flowing through the zener diode 
circuit is not, on its own, sufficient 
for this purpose. The base current 
readings obtained by the author 
indicate (working from published 
transfer characteristics) that the 
particular AC127 selected for the 
prototype circuit was in the middle 

♦ Although this is not evident from Fig. 3, 
the directions of the two currents whose 
curves are shown are opposite. The curve 
for TR2 was obtained with the meter negative 
terminal connected to the base, and that for 
TR3 with the meter positive terminal 
connected to the base. The two curves are 
drawn on the same side of the graph in 
Fig. 3 to show their mutual effect more 
clearly. 

-I -2 -3 -4 -5 -6 -7 -8 -9 
Input voltage (TR| base) 

Fig. 2. Curves showing load voltage for differing voltages at the base of 
TRi relative to the positive supply line. The curve for the 470C1 load is 
given when a resistor of this value replaces 61 and R7. In the prototype, Rg 

had to be changed to 3.9Q to cater for the 470Q load 
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(mA) 

Max load 
voltage 

TR2 

_\ 

T\ 
o o -I -2 -3 -4 -5 -6 -7 -9 

Input voltage (TR| base) 

Fig. 3. Base current in TR2 and TR3 for differing voltages at the base of 
TR^ With the prototype circuit, maximum bulb illumination was given at 

7.8 volts 

of spread for gain at 60mA collector 
current. If a low gain AC127 is used, 
there is a slight possibility that R3 
may have to be reduced in value a 
little to compensate. 

It will have been noticed that the 
zener diode is employed here as a 
component which drops a fixed 
voltage. It functions as a fixed 
voltage zener device for all input 
voltages at the base of TRi. 

Resistor Re is critical in value and 
it will very probably require adjust- 
ment to suit the characteristics of the 
transistors used and, in particular, 
the voltage dropped (within its 
tolerances) by the zener diode. If 
Re is too high in value, the peak 
common collector current will be 
less than 60mA. If it is too low, the 
current passed by TR3 for input 
voltages below 7 at TRi base will be 
too high. With the prototype, a 
value of l.Skn gave the best compro- 
mise results, as shown by the Bi 
curve of Fig. 2. When making up 
the circuit, it might be preferable to 
commence with a variable resistor 
set to around l.Skn in the Re 
position and to adjust this for best 
results when the circuit has been 
completed. The variable resistor 
may then be replaced by a fixed 
resistor of appropriate value. It 
should be added that the particular 
zener diode used in the prototype 
dropped 6.5 volts at 1mA. 

The total dissipation in TR2 and 
TR3 when the bulb is fully illu- 
minated is well within the maximum 
dissipation figure of either. It was 
found, with the prototype, that 
rather more voltage appeared across 
TR3 than across TR2 and it would, 
despite the fairly low dissipation 
figure, be wise to fit TR3 with a 
cooling fin. 

As so far discussed, the circuit of 
Fig. 1 enables a warning bulb to 
glow at full brilliance when about 
8 volts negative (7.8 volts with the 
prototype) is applied to the base of 
TRi, this bulb extinguishing when 
the input voltage increases or 
decreases. Thus the circuit is capable 
of acting as a monitor at this 
particular voltage. Ri and R2 enable 
similar facilities to be provided for 
any other voltage within the range. 
With the input terminals of Fig. 1 
short-circuited and R2 slider at the 
upper end of its track, Ri is adjusted 
for the condition of maximum 
illumination. All input voltages from 
zero up to about 8 may then be 
monitored by appropriate adjust- 
ment of R2. 

A limiting factor with the circuit 
is given by the current drawn from 
the source of input voltage if this 

so 
TO 
60 
so Current 

fiA 40 
(TR| 30 
base) ' 20 

IO 

-IO 

voltage goes considerably negative 
of that needed for maximum illu- 
mination of the bulb. A curve 
showing input current for input 
voltages up to 9 at the base of TRi 
is shown in Fig. 4. Below 7 volts 
there is a reverse leakage current of 
some 4(iA, this changing over to 
normal base current as 7 volts is 
reached. The current increases to 
75(jiA at 9 volts negative and (not 
shown in the diagram) to about 
0.5mA at 12 volts negative. As is 
illustrated by the curve, the source 
of input voltage is called upon to 
supply about 40|jA at the voltage 
which gives maximum illumination 
of the bulb, and less than 40|xA at 
voltages below. At higher input 
voltages the current demand in- 
creases rapidly, reaching 0.5mA at 
4 volts negative of the voltage which 
gives maximum illumination. If it 
is felt that the voltage being moni- 
tored may go negative by more than 
4 volts above the required figure, it 
might be advisable to insert a 
limiting resistor in series with the 
input connections. Such a resistor 
should not unduly reduce sensitivity 
at voltages near that which causes 
maximum illumination of the bulb, 
because current demand is much 
lower at this voltage. 

Alternative Load 
The fact that indication of correct 

input voltage is given by illumination 
of a bulb results in a fairly heavy 
consumption from the 9 volt supply. 
For economic reasons, it would be 
preferable to use a mains power 
supply unit rather than batteries 
when the bulb is employed. Since 
the supply is "floating" relative to 
the input connections, neither side 

Max. load 
voltage 

-I -2 -4 -5 -7 
Input voltage (iRj base) 

Fig. 4. Input current at TRi base for varying input voltages 
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of the power supply output should 
be earthed. 

The circuit will, however, work 
just as well with loads consuming 
less current than the bulb. The 
writer checked this point by replacing 
the bulb and R7 with a 4700 
resistor, whereupon the second curve 
shown in Fig. 2 ("Load=4700") 

was obtained. It was necessary to 
adjust Re by quite a considerable 
amount to enable the circuit to cope 
with this new load, the altered value 
of Re being 3.9kO. 

As will be seen from Fig. 2, the 
voltage across the 4700 resistor rose, 
for 7.8 volts at TRi base, to 8 volts. 
This would be adequate to energise 

a small relay, the current at 4700 
being of the order of 16mA. This 
relay could then operate a warning 
lamp or bell when it energised or 
de-energised, according to the par- 
ticular application envisaged. It 
would not be necessary to fit TRj 
with a cooling fin if a load of this 
nature were employed. 

ONE MINUTE 

"W I N K E R" 

By J. P. CREAN 

Thermal delay switches, in which a bimetal 
strip is raised in temperature by a heater, 
are normally employed for providing a delay 

between the application of heater voltage and 
anode voltage with mercury vapour rectifiers. 
In this design, two thermal delay switches are used 
to make a "winker" with an overall cycle of about 
two minutes, i.e. one minute on and one minute 
off. 

The thermal delay switches used by the author 
were S.T.C. type VLS631. These have glass envelopes 
similar to those of valves, and fit the standard 
B7G base. The pin connections are: heater, 1 
and 7; bimetal strip, 3; stationary strip, 4. There are 
internal connections to pins 2 and 6, and pin 5 
has no connection. When a standard 6.3 volt 
supply is applied to pins 1 and 7, the bimetal 
strip short-circuits to the stationary strip after 
about one minute. 

The "Winker" 
In the accompanying circuit diagram, two 

thermal delay switches type VLS631 are connected 
up as shown. The circuit is intended to run from a 
6 volt car battery. 

When the battery is initially connected, the relay 
contact is at position A, whereupon the 6 volts 
from the battery is applied to the lamp and to the 
heater of thermal delay switch DSi. After a minute, 
the contacts of DSi close, providing a circuit 
through the relay coil and Ri to the 6 volt supply. 
The relay then operates, whereupon its contact 
moves to position B, latching it on. The relay 
contact also breaks the circuit to the lamp, which 
extinguishes, and to the heater of DSi, which now 
commences to cool. At the same time, the relay 
contact maintains the supply (originally given by 
DSi) to the heater of DS2, which starts to warm up. 

m 

y 

'/////A 

After a further minute the contacts of DS2 
close. The relay coil is then short-circuited, where- 
upon it de-energises and its contact returns to 
position A. Another cycles then commences. 

Resistor Ri is included in circuit to prevent DS2 
putting a short-circuit across the supply. 

Editor's Note 
The VLS631 thermal delay switches used in this circuit 

have a rated heater voltage of 6.3 at a nominal current 
of 0.5 amp. The delay time at 20° C ambient is specified 
at 44seconds minimum to 66 seconds maximum. Maximum 
contact current on make is 1 amp (surge, 5 amps). The 
switches are available to private individuals from the 
Sales Department of Standard Telephones and Cables 
Ltd., Valve Division, Brixham Road, Paignton, Devon. 

The relay employed should, of course, be capable of 
energising when 6 volts is applied to the coil via a 200 
resistor. 

20a 
ww 
3 watts DS ds2 

VLS63 VLS63I Lamp 

Relay 
Relay contacts 
coil 
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A 

STABLE 

R-C 

OSCILLATOR 

By G. E. DIXEY, a.m.i.e.r.e. 

Designed originally for radio control, this oscillator 
has many other applications. It offers very low 
frequency drift over a wide range of ambient 

temperatures 

The oscillator circuit described in this 
article was developed originally as a stable tone 
generator for radio control systems but it is 

not, of course, limited to this application. Other 
possibilities include the a.c. source for a bridge or 
for signal tracing in audio circuitry. 

Stringent Specification 
For its original requirement the oscillator had to 

conform to a fairly stringent specification. The main 
points of this specification were: 

1. It should maintain the set frequency within 
± 1 % for a temperature range of 0-60° C. In case 
this temperature range may be thought rather wide 
it should be considered that, as the component part 
of a transmitter, it might be enclosed in a metal 
case with little or no ventilation and be exposed to 
wintry conditions or several hours of sunshine 
between periods of use. Under these circumstances 
the temperatures stated could well be realised. For 
single-tone radio control working a fair degree of 
frequency drift is permissible, but when the receiver 
incorporates tuned reeds or filters even small 
changes of frequency can cause control to be lost. 

2. For cost and convenience the circuitry should 
be as simple as possible. 

3. It should be capable of delivering its output 
into a wide range of impedances. 

It is possible, and very usual, to design a stable 
oscillator around an L-C circuit. However, in the 
writer's opinion, this idea conflicted with require- 
ment 2. Therefore, it was decided to investigate 
ways of achieving the required performance using 
R-C techniques. Two possible circuits spring to 
mind'—the ladder network type and the Wien 
bridge type. 
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Input 
Amplifier Output 

■■ ■■ 

X 
Fig. 1. Representation of ladder oscillator 

After various experiments it was decided to 
concentrate on the ladder network in spite of the 
fact that the amplifier has to cover greater losses in 
the feedback network than in the Wien bridge 
circuit. It was found that this apparent drawback 
could be easily overcome and that frequency control 
could be obtained by varying a single resistor. 

Development Stages 
Before examining the final working model it will 

be instructive to consider the various stages in its 
development. It is assumed that it is understood 
that any oscillator is basically a feedback network 
providing 360° of phase shift between input and 
output at the oscillation frequency, with an amplifier 
to compensate for the losses that occur in the 
network. In practice some of the phase shift takes 
place within the amplifier. 

Fig. 1 shows a 3-stage ladder network connected 
between the input and output of an amplifier. A 
feature of the ladder network is that, at one particular 
frequency, the phase shift across it is 180°. If then 
the amplifier has a phase shift of a further 180°, 
and sufficient gain to make good the losses, we have 
an oscillator. 

Fig. 2 shows a simple, single transistor amplifier 
with the ladder network connected between the base 
(input) and the collector (output). A circuit of this 
type does work, but it has the disadvantage that 
the output is loaded directly by the-ladder network, 
which reduces the gain of the amplifier quite 
appreciably. This means that it becomes necessary 
to select transistors of high gain. If we use a second 
common emitter stage following the first we create 
sufficient gain overall, but now introduce a further 

■VAV _ 

I 

Fig. 2. A single transistor ladder oscillator 
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Components List 

Resistors 
(All fixed values \ watt) 

Rj 5.6kn 10% 
R2 2.7kn 10% 
R3 l.Sktl 5% 
R4 180kO 5% 
R5 See text 

Capacitors 
Ci,2,3 0.1 (i.F paper or polyester (see text) 
C4 See text 

Transistors 
TRi,2 OC202 

180° phase shift so that the condition for oscillation 
disappears. 

We get around this quite simply by making the 
second stage not common emitter but common 
collector, the latter introducing no additional phase 
shift. It may be asked what is the use of introducing 
the common collector stage since it has a voltage 
gain of 1, i.e. no gain at all! The answer is that the 
common collector stage is the transistor equivalent 
of the cathode follower and, as such, has a very 
high input impedance and a very low output 
impedance. The high value of input impedance 
helps us because it does not appreciably load the 
output of the preceding stage; and the latter is 
able, therefore, to provide its full gain. In other 
words, instead of connecting the ladder network 
directly to the collector of TRi we insert a "buffer", 
TR2, which removes the loading effect. The com- 
plete circuit is shown in Fig. 3. 

Circuit 
In Fig. 3, TRi is the amplifier proper, its collector 

load being Rj. For economy of components this 
stage is direct-coupled to TR2. The bias for TRi 
is produced, by R4, from TR2 emitter. This "bias 
loop" has a phase shift of 180° for d.c. and provides 
temperature stabilisation. The ladder network 
consists of Ci, R3, C2, R5 (the frequency control), 
C3 and (further economy!) the input resistance 
of TR1.1 

For maximum stability the transistors employed 
were silicon types such as the Mullard OC202 but 
if some reduction in stability can be tolerated (or 
alternatively high stability with a narrower tem- 
perature range) then germanium r.f. transistors such 
as the OC45 or similar can be used without modifica- 
tion to the circuit. 

1 In order to obtain a stable frequency for wide changes in tem- 
perature it is necessary for capacitors Q, C2 and C3 to have good 
temperature coefficients. In this respect the author informs us that 
the components used in his original circuit were Wima Tropyfol M 
polyester capacitors, which- have a temperature coefficient of +1 % 
for a rise of 60° C. These are not "special" components, and to 
quote another manufacturer, namely Telegraph Condenser Co. 
Ltd., it is possible to obtain T.C.C. Duomold (+0.6% at 60° C), 
T.C.C. Polyester (+0.6% at 60° C), T.C.C. Metallised Polyester 
(+0.9% at 60° C), and T.C.C. Metamold (+0.6% at 60° C). All 
of these would be suitable for use in the circuit. The use of the 
input resistance of TRi (which will be non-linear and could change 
with battery voltage) has negligible effect on frequency in practice, 
owing to the d.c. feedback loop.—Editor. 

-9V 
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C4 
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r+ 

ww 
C3 
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Fig. 3. The circuit of the oscillator described in this 
article. C4 is shown as an electrolytic component, but 
it may be a paper capacitor if the oscillator feeds into 

a high impedance circuit 

The only other comments that need to be made 
with regard to the components concern R5 and C4. 
Considering R5 first, the resistance variation offered 
by a lOktl potentiometer gives a frequency range 
from 200 to 600 c/s2 but the relationship is not a 
linear one, i.e. equal changes in resistance do not 
produce equal changes in frequency. The effect of 
this is that if a 10kft potentiometer is used as the 
frequency control, its setting becomes rather 
critical at the low resistance end of the travel. If 
one particular frequency is required the necessary 
value of resistance can x found by experiment and 
a fixed resistor of appropriate value wired in. A 
number of spot frequercies can be selected by means 
of a multi-way switch md a bank of resistors. If a 
single frequency is reqaired, say for the a.c. supply 
to a bridge, then it is worth knowing that a value 

2 This is the useful range offered by the lOkQ potentiometer. 
Oscillation will, of course, ctase when R5 closely approaches zero. 
However, the slider travel be.ween zero ohms and the 600 c/s point 
is very small, and so there is little wasted track.—Editor. 

TR2 

TR, 

"2 

C4 
t-2 

+ + 

Output 

Fig. 4 A suitable printed circuit layout. This is 
repioduced full-size, and may be traced 
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in R5 of 470a will set; the frequency to 400 c/s. 
With regard to C4, the output coupling capacitor, 
this can have one of two values depending upon the 
application of the circuit.. If the output is fed into 
another transistor or into a low impedance, such 
as is given by a bridge, the value can be 2uF at, say, 
12 volts d.c. working. If the output is fed into a 
high impedance, such as a valve amplifier, a 0.1 g.F 
paper capacitor will be satisfactory. 

The current consumption of the oscillator at 
9 volts is 2.5mA, TRi drawing 1mA, and TR2 
drawing 1.5mA. 

Fig. 4 shows a printed circuit layout (full size) 
for the oscillator, since this type of construction is 
popular these days. 

Fig. 5 shows the relationship between the output 
voltage from the oscillator and the value of load 
into which it is working. 

20 

Output- 1-5 
RMS. volts 

25 

Load resistance - kn 
Fig. 5. Curve showing the relationship between output 

voltage and load resistance at 400 c/s 

The Use of 

Zener Diodes with 

Voltmeteirs 

By M. J. DARBY 

Zener diodes can expand' or compress part of the 
scale of a voltmeter. They may also provide 
overload protection which is quicker-acting than 
any mechanical device. Suitable circuits for 
these applications are discussed in this article 

Although it is usually desirable to use 
voltmeters which have a linear scale starting 
at zero, it is sometimes very convenient 

to be able to expand any part of the scale. Alter- 
natively one may wish to "suppress the zero". 
For example, one may .'require a meter reading 
from 8 to 10 volts instead of 0 to 10 volts. The 
methods by which these requirements may be 
accomplished with zener diodes will be discussed, 
and a method will be given in which a zener diode 
is used to protect the movement of a moving-coil 
voltmeter against accidental overload. 

R| 
-WW- .dh. 

Zener diode 
Voltage to be 
measured mA ( 

Upper End Expansion 
The circuit of Fig. 1 may be used when it is 

desired to expand the upper end of the scale of a 
voltmeter whilst still allowing approximate measure- 
ments to be made in the lower part of the scale. 
The nominal voltage of the zener diode should be 
approximately equal to the voltage at which it is 
desired to change from a compressed scale to an 
expanded scale. The value of the resistor Ri 
is selected so that the full scale deflection of the 
meter is equal to the desired value, whilst Rz 
is selected so that the desired amount of lower 
end compression is attained. 

The use of the Fig. 1 circuit will obviously 
necessitate a specially calibrated meter scale. 

Upper End Compression 
The circuit of Fig. 2 may be used to compress 

the upper end of a meter scale when accurate 
readings are required over the lower part of the 
scale and approximate readings over the upper 
part. As the input voltage increases, almost all 
of the current flowing will initially pass through 
the meter. When the potential across the zener 
diode has reached a certain value, however, it 
remains almost constant as the current passed 
by the device increases. Thus, if R3 is fairly small, 
the potential across the series combination of 
Z and R3 will only increase slowly as the current 
passing through these components rises. It is 
this potential which drives a current through R2 

"2 Rl 
WvV W 

Zener diode 
Voltage to be 
measured \ mA 

360 

Fig. 1. Expansion of the upper part of the ttcale Fig. 2. Expansion of the lower part of the scale 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



Rl 
-vwv^- -H- 

VbKage to be 
measured 

Zener diode 
mA 

Ri 
+ VWA- 

Voltage to be 
measured 

Fig. 3. "Suppressing" the zero 
and the meter. At input voltages exceeding a 
certain value, the meter current therefore rises 
only slowly with further increases of input voltage. 
The input voltage at which this first occurs will 
be that which produces a voltage across the zener 
diode which is equal to the normal operating 
voltage of this diode, Vz. This input voltage is 
equal to: 

ZR^+Rz + MXv 
\ R2+M / z 

where M is the resistance of the meter. 

Suppressed Zero 
The circuit of Fig. 3 may be employed when it 

is desired to completely suppress the meter zero. 
The circuit is the same as that of Fig. 1 except 
that the resistor R2 of Fig. 1 is omitted. In Fig. 3 
the resistor Ri is used to convert the milliammeter 
into a voltmeter. No appreciable current will 
flow through the meter until the voltage to be 
measured exceeds the normal operating voltage of 
the zener diode. 

Let us suppose that we wish to convert a 0-1 
milliammeter into a voltmeter reading from 8 to 
10 volts. In this case we would use an 8 volt zener 
diode. At input voltages exceeding 8 volts, the 
voltage across the zener diode will be equal to 8 
volts. Thus the resistor Rj must be chosen so that 
if it alone were placed in series with the meter, 
the latter would become a voltmeter reading from 
0 to 2 volts. Thus the total circuit resistance required 
(Ri plus the meter resistance) is equal to 2,0000 
in this particular case. 

Meter Movement Protection 
Zener diodes can be used to protect the move- 

ments of moving-coil meters used as voltmeters 
against accidental overloads. A typical circuit 
is shown in Fig. 4. If a large voltage is applied 
across the input terminals, the zener diode prevents 
the potential across R2 and the meter from rising 
above the normal operating potential of the diode. 
The zener diode can be selected so that it is impos- 
sible to obtain a deflection of the meter greater 

r2 
-T W 1 

j t Zener diode mA ( ^ 

Fig. 4. A circuit which protects the meter against 
overload 

than full scale. However, it is generally advisable 
to design the circuit so that a maximum deflection 
of 5 or 10% above the full scale deflection can be 
obtained, since this greatly improves linearity at 
the upper end of the scale. 

Let us assume that it is required to protect a 
0-1 milliammeter which is to be used as a 0-10 
voltmeter. The circuit may be designed so that 
the zener diode conducts when 1.1mA passes 
through the meter; the current will then never be 
permitted to exceed this value by any appreciable 
amount. The voltage Vz at which the diode con- 
ducts is given by the following equation (which 
is obtained by applying Ohm's Law to the right 
hand part of the circuit): 

(R2+M) (1.1 x 10-3)=vz 
M is the meter resistance. A zener diode with a 
working voltage of 7 or 8 volts is suitable for this 
application. If Vz=7 volts, R2+M should be 
6.3kn; hence R2 may be found if the meter resistance 
is known. 

The value of Ri can be found from the following 
equation which is the normal one used for converting 
a milliammeter into a voltmeter (except that there 
are two external resistors instead of one): 

(R1+R2+M) = 1-i^ 

The quantities on the right hand side of this expres- 
sion are derived from the fact that a full scale 
deflection of 10 volts is required when 1mA (=10-3 

amp) passes through the meter. 
This simple circuit can provide full meter protec- 

tion which operates much more quickly than 
mechanical devices. 

Conclusion 
The small size and long life of zener diodes 

make them ideal devices for incorporating into 
the cases of meters. By the use of suitable circuitry 
almost any part of the scale can be expanded or 
compressed and moving coil meters can be protected. 
It should be noted that the circuits given apply 
only to voltmeters. 

SOLID-STATE STABILISED POWER SUPPLY 
A fully enclosed, solid-state stabilised power supply, which operates from mains supplies and gives an output with 

very low ripple, is now available from EMI Electronics Ltd. 
Unit Type 845 operates from mains voltages of 100 to 140 or 200 to 240 at frequencies from 50 c/s to 60 c/s. It 

makes available a stabilised d.c. output of 20V at 500mA for supplying EMI transistor sound modules and other similar 
equipment. 

On the front panel is an aperture which permits access to a pre-set voltage control, and two sockets at which the 
output potential can be measured. 

Locating spigots at the rear of the unit prevent incorrect engagement of the connecting plug. The unit can be 
mounted in the Rack Mounting Frame Type 187 or a similar frame. 

Height of the unit is 3.Sin (8.9cm), width 2.12in (5.4cm), depth 9.5in (24.1cm). Weight is 2lb 8oz (1.13kg). 
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Further Notes on the 

"CRYSTARLET" 

By SIR JOHN HOLDER, Bt. 

The final chapter in the Crystella/Crystarlet Saga. Mony readers have obtained excellent 
results with these crystal-controlled f.m. tuners and their designer now lists several modifications 
which will enable the "Crystarlet" (and in some cases the "Crystella") to peak performance 
under certain reception conditions. Also described are home-constructed i.f. coils and a 

home-constructed discriminator transformer 

The "crystarlet"! WAs designed with ease of 
adjustment and low cost in mind and, for a 
"little 'un" it was very successful; but the 

author has always felt that there would be readers 
who would want to "de-compromise" it and go for 
ultimate performance. These notes explain how this 
process can be carried out. It involves the substitu- 
tion of alternative components which require 
individual adjustment; but this is rendered easier if 
they are installed, one at a time, in a "Crystarlet" 
which is already in working order. 

1Sir John Holder, "The 'Crystarlet' Crystal-Controlled F.M. 
Tuner", The Radio Constructor, February and March, 1965. Further 
information is also given in "The 'Crystella' F.M. Tuner", February 
and March, 1963; "Notes On The 'Crystella' Tuner", January, 
1964; and "A Crystal Controlled Oscillator For F.M.", August 
and September, 1961. All these are by Sir John Holder, 

Tape (sticky side up) 

Fold over first two 
turns and wind-in 

V 

1/2' 

Temporary bands 
(sticky side down) 

Start of secondary \ 

Tape (sticky side up) 

Fig. 1. How the windings of the home-constructed i.f. 
transformers are secured. Narrow lengths of sticky 
p.v.c. tape are employed. The two temporary bands 
are removed after the coil has been wound, whereupon 
the ends of the long length of tape may be stuck down 
on the outside of the winding to give the result shown 
in Fig. 2. This diagram shows preparations for the 

secondary winding 

Change of Limiter 
For the reader who lives in a region of powerful 

signal strength, little more is involved than a change 
to the type of limiter which was used in the 
"Crystella", and an alteration of the detector to a 
phase discriminator. These two modifications 
together afford considerably greater audio output, 
with less distortion. If the reader lives further away 
from the transmitter, it may be necessary to look 
for more i.f. gain, because, unlike the ratio detector, 
the phase discriminator must have a powerful signal 
free of amplitude modulation, and this involves the 
use of a full-limiter which, in turn, must be fed with 
a powerful input if it is to be effective. Fortunately, 
the i.f. gain can be considerably increased by using 
one or more home-constructed transformers which 
will be described. 

The i.f. transformers originally specified have 
relatively large tuning capacitors which, amongst 
other things, confer the advantage that little or no 
departure from factory adjustment is needed. 
Raising the L/C ratio has the effect of raising the 
operating-Q at the expense of the no-adjustment 
feature; but it can also materially increase the 
stage gain.2 

The range, output and freedom from distortion 
of the fully modified "Crystarlet" are remarkable; 
and some idea of what will actually be needed in 
any given locality can be gained by noting what 
value has to be used for R17 of the standard limiter. 
If 33kf2 can be used, there may be sufficient signal 
there already, or a change from a picture-rail dipole 
to a good 3-element loft aerial may do the trick, and 
so on; but the best guide is to fit the "Crystella" 

2 It should be pointed out that the alternative home-constructed 
i.f. transformers will very probably have a sharper response curve 
than those they replace and, whilst this is, of course, acceptable 
with a crystal-controlled receiver, it could make tuning difficult 
and subject to what would normally be negligible amounts of oscillator 
drift in a manually-tuned receiver.—Editor. 
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type limiter (as is described later) and see what 
happens. If, having done this, the ratio detector 
still functions satisfactorily, the phase discriminator 
will be better still. It should be noted that the anode 
resistor, R17, should always be 47kH for the 
"Crystella" type limiter. 

If, for any reason, a fully-modified "Crystarlet" 
is to be used in a region of powerful signal strength, 
it should be fitted with automatic gain control. 
With an f.m. signal, this will have no effect on audio 
output, but it will prevent possible damage to the 
diodes through overloading. If the tuner is to be 
operated in a region where there is only just sufficient 
signal, there is-no need to fit a.g.c. (Nevertheless, 
if it is fitted it will do no harm, because the limiter 
modification makes it possible to use a circuit which 
has no effect when a weak signal is being received.) 

One or two other minor modifications will also 
be described and, for the sake of completeness, a 
home-constructed phase discriminator transformer. 
This means that every coil in the tuner can be 
home-constructed. 

Improved Heater Filtering and Increased Bass 
There are two modifications from which all 

"Crystarlets" and "Crystellas" will benefit. The 
problem of i.f. harmonic feedback causing instability 
was mentioned in the original articles. It has been 
found that the heater connections to the limiter 
valve are extra "hot" in this respect. The cure is 
close-up filtering, so L8 and L9 should be transferred 
to positions directly on top of pins 4 and 5 of V4 
(of the "Crystarlet"). C24 should also be transferred 
to connect between pins 5 and 6 of V4. This leaves 
the external heater leads of the tuner in a "hot" 
condition; but it can be removed by transferring 
C22 so as to connect between pins 4 and 1 of V3, 
also C23 to connect between pins 5 and 9 of V3. 
These capacitors may straddle the V3 valveholder. 
V5 of the "Crystella" can be treated in a similar 
manner, using "Crystarlet" type chokes. 

Compact 0.22[j.F paper capacitors are now 
available and substituting one of these for C20 may 
give slight bass improvement. 

"Crystella" Type Limiter 
Provided sufficient signal is available, the change 

from the standard "Crystarlet" limiter to a full- 
limiter is very simple. Fit a 47k H 1 watt resistor 
in the R17 position, remove bias resistor R24, 
capacitor C27 and connect pin 3 of V4 directly to 
chassis via the valveholder spigot. Remove the 
EF89 valve and substitute an EF80. The grid circuit 
time-constant must also be halved by changing C26 
to 47pF. Provide "Test Point 1" by temporarily 
connecting a lOOkfi resistor to pin 1 of Lg. The 
cores of Lg should now be checked, in order to see 
that a B.B.C. signal gives maximum negative voltage 
with respect to chassis at "Test Point 1" (which is 
the free end of the lOOkfl resistor). 

Higher-Q. I.F. Transformers 
The materials required for the home-constructed 

i.f. transformers are Bakelite formers 2.4in long 

Primary 20 turns 

1/4 

22pF 

Tape ends stuck down 
on winding 

Second 22pF across 
4 and 6 

Secondary 28 turns 

Fig. 2. The completed i.f. transformer. Both windings 
are wound in the same direction. A second 22pF 
capacitor (not shown) connects across terminals 4 

and 6 

(Denco Ref.; 5000B/4 or /6E) with screening cans 
to suit and v.h.f. iron dust cores, Denfix polystyrene 
solution and a supply of 38 s.w.g. d.s.c. copper 
wire.3 The author has successfully wound coils 
using enamelled wire stripped from an old medium- 
wave tuning coil; but this is not recommended 
because it is difficult to see the dark coloured wire 
against the Bakelite former. All tuning capacitors 
should be 22pF silver mica (if possible the miniature 
red types with side connections).4 

Fig. 1 shows one method of securing the ends of 
the windings. An advantage of this method is that, 
if the primary has slipped at all during winding, it 
can be carefully slid along the former so as to make 
the separation between windings exactly iin. Fig. 2 
shows the completed transformer. The secondary 
should be wound first, starting at the bottom. It 
will be found easiest to hold the former still and 
wind the wire round it so that successive turns touch 
one another. Narrow strips of p.v.c. insulating tape 
can easily be cut if the tape is temporarily stuck to 
a piece of glass. Ordinary Sellotape should not be 
used. The windings should be finally fixed in place 

3 The author obtained the 38 s.w.g. d.s.c. wire from Post Radio 
Supplies, 33 Bourne Gardens, London, E.4. 

4 A range of silver-mica capacitors with side wires, including 
22pF, 33pF, 47pF and 50pF (the latter three values are required for 
the home-wound or modified discriminator transformer), are listed 
under Cat. No. C81 by Home Radio (Mitcham) Ltd.—Editor. 
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by a coating of polystyrene dope. It is best to dope 
the non-taped side of the coil first and wait until 
it is hard before doping the taped side, because the 
dope loosens the tape. In this way, the coil will be 
held in place until the tape has hardened again. 
The capacitor tags are left long so as to act as 
connecting pins for the transformer. 

If two of these transformers are to be used, it is 
advisable to add a lOOkO resistor between pins 1 
and 3 of L4. 

The Phase Discriminator 
Fig. 3 shows the phase discriminator circuit, the 

layout being indicated in Fig. 5. Note that the 
diodes are now connected in "push-push" and that 
the connection between primary and the mid-point 
of the secondary is via a capacitor, instead of via 
the small tertiary winding. Being coupled, as it 
were, to one side of the circuit instead of to a 
neutral point, the external connections are "hotter", 
as regards i.f. feedback than in the case of the ratio 
detector. Trouble from this course can be prevented 
by keeping the wiring as short as possible and the 
components close to the chassis. 

There is no need to buy a transformer, because 
the ratio detector transformer specified for the 
"Crystarlet" can be converted by the simple 
expedient of removing the tertiary winding (the 
small one wound over the top of the primary), 
removing sufficient turns from the top of the 
primary to leave a total of 20 turns (count them, 
using a needle and a magnifying glass), altering the 
primary timing capacitance to 33pF and adding a 
coupling capacitor between pins 2 and 3. The 
prototype used 50pF mica for this, but 47pF should 
serve. The two ends of the secondary which were 
previously connected to the tertiary must be 
connected to pin 2 and the shortened end of the 
primary to pin 1. (For pin layout, see L7, Fig. 5.) 

The connections of the finished coil are the same 
as in Fig. 4, except that the secondary winding 
direction and primary connections are reversed.5 

This detector has no "Testpoint 2" so, to adjust 
the primary, it is necessary to throw the secondary 
slightly out of tune, whereupon a B.B.C. signal will 
cause a d.c. voltage with respect to chassis to appear 

"20 
VAV— 

"17 % 47kn 
* 5 1 watt 

D2 

"18 * 
lOOkn 

IOO kn 

V4 ♦ 
EF0O 

at "Testpoint 3". This can be used to peak the 
primary and it should take place with the slug 
partially into the coil. If the coil will only peak with 
the slug in the centre, or between the coils, too much 
wire has been removed and one or two turns should 
be re-fitted. After peaking the primary, re-adjust 
the secondary to give zero volts. 

Although there is no "Testpoint 2", we now have 
a "Testpoint 1" which can be used for any tuning 
adjustment prior to that of the detector. 

Automatic Gain Control 
The recommended a.g.c. circuit is shown in 

Fig. 6. C9 and C9A should be carried on two 
additional two-tag tagstrips, with one tag of each 
strip earthed. Mount these under the left-hand 
fixing bolts of L4 and L6 (Si towards reader). The 
strips should be positioned so that the non-earthy 
tag is towards the front of the chassis. R14a is 
connected between the two non-earthy tags, with 
its body close to the rear one. The long connection 
from this resistor to the front non-earthy tag should 
be covered with sleeving. 

5 It must be pointed out that changes in production design can 
occur with manufactured coils and that there is, in consequence, 
some risk that the modification just described might not always 
be fully effective. An alternative approach would consist of employing 
the home-constructed phase discriminator transformer shown in 
Fig. 4.—Editor. 

Primary 20 turns 

Secondary 16 +16 turns 

3/16* 

to 6 

33 pF to 4 47 

Second 33pF across 
4 and 6 

* Altered value or type 

Fig. 3. The phase discriminator circuit. With this, 
C15, Cig, C17 and R23 from the previous "Crystarlet" 

circuit are omitted 

Fig. 4. The home-wound phase discriminator 
transformer. Primary and secondary are wound in 
opposite directions. A second 33pF capacitor (not 
shown) connects across the secondary at terminals 

4 and 6 
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p25 

c24 (mcxlified) 

T5 

f 

HT+ 
IS 

TS 
C19 21 

c20 
Audio 
output Test point 3 

TS - tagstrip 

Fig. 5. Changes resulting from the modified layout 
around V4 and the phase discriminator transformer 

Home-Wound Detector Transformer 
A satisfactory home-constructed phase detector 

transformer can be wound on to a Denco former, 
type 5000B/6E, using 38 s.w.g. d.s.c. copper wire. 
Details are shown in Fig. 4. The external connec- 
tions and pin layout are as shown in Fig. 5. The 
bifilar secondary is constructed by winding on four 
wires (turns touching) and removing two after 
doping, so as to leave two evenly-spaced interleaved 
windings. Winding should start at the top of the 
secondaries and it is, in this case, easier to rotate 

To L pin 1 ToL 

1 1 R,4* C|2 T47PF 
I 

470kn 

I 14a 
470kn 
-WW- 

1 — C9* 
T lOOOOpF 

^-9a* 
SOOOpF 
Ceramic 

Ceramic 
• New or altered value 

Fig. 6. The automatic gain control circuit 

the former. The primary is wound in the ordinary 
way, except that its direction is opposite to that of 
the secondaries. When completed, use a continuity 
tester to find the start of one secondary and the 
end of the other. Solder these together and connect 
them to pin 2. The chassis holes will need slight 
alteration. Adjustment is by the same method as 
that just described for the converted transformer, 
except that it is first necessary to find the secondary 
null. Audio sound from the loudspeaker is an 
additional guide. The performance is about equal to 
that of the converted transformer; but it has the ad- 
ded attraction that it enables the constructor to say 
"all my own work"! 

Note—^Partition Screen 
In Fig. 7 (b) of the "Crystarlet" article (page 543, 

March 1965 issue) a "bend down" line should be 
added to the partition screen fin above, and parallel 
with, the bottom of the plate. The fact that the 
screen should be bent along this line is, however, 
fairly obvious from its dimensions. 

CAN ANYONE HELP? 

Requests for information are inserted in this feature free of charge, subject to space being available. Users of this 
service undertake to acknowledge all letters, etc., received and to reimburse all reasonable expenses incurred by 
correspondents. Circuits, manuals, service sheets, etc., lent by readers must be returned in good condition within 

a reasonable period of time 

109 Receiver.—R. Crisp, 55 Longman Road, Bamsley, 
Yorks.—circuit and Part 2 of manual. Also details of 
conversion from 6 volts to a.c. mains operation. 

* * * 

P104 or P38.—F. H. Hicowe, P.O. Box 15, Sorrento, 
Victoria, Australia—handbook or circuit and com- 
ponents list or photostats. 

* * * 

I.F. Amplifier Unit Type 600.—C. Hall, 90 Edmund 
Road, Birmingham 8—circuit diagram of this unit (A.M. 
ref. lOU/16861, 15.25 Mc/s). 

sH * * 

TV Conversion for Dx.—D. Bowers, 95 Grenfell Avenue, 
Saltash, Cornwall—borrow or buy any copy of The 

Radio Constructor with details of conversion of TV set 
for reception of TV Dx. 

* * * 

Wavemeter SLC No. 1.—R. W. Jones, 24 Forest Avenue, 
Foresthall, Newcastle-upon-Tyne—would welcome any 
information on this unit. 

* * * 

AVO.l LC and R Bridge Tester.—R. Wilson, 38 Pake- 
field Road, Kings Norton, Birmingham 30—purchase 
of manual. 

* * * 

Telefunken Tape Recorder Model KL65—Dr. B. B. 
Rafter, 18 South Road, Oundle, Peterborough—loan or 
purchase service sheet or circuit diagram. 
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Transistorised 

Capacitance Relay 

By A. FRASER 

and 

R. MARSHALL 

The authors are interested in the "gadgets" 
side of electronics as well as in the more 
customary projects. One of the most interest- 

ing gadgets is the capacitance relay. This is a 
device that operates a relay when a hand approaches 
a metal plate, and may be used for automatic 
ringing of doorbells or many other applications. 
There are a number of circuits for valve operated 
capacitance relays, but neither of the authors 
has seen a circuit for a transistorised one. 

Circuit 
The circuit of such a device can be broken up 

into two sections; 
(1) The r.f. oscillator. 
(2) The relay amplifier. 
In the accompanying circuit diagram, the oscil- 

lator output is rectified and is applied to the relay 
amplifier. Since it is rectified to give a positive 
voltage at the base of TR2, it holds the relay off 
as the amplifier will not conduct. However, if the 
output from the oscillator is cut off (this is done 
by the extra capacitance to earth given by the 
proximity of a hand at the sensing plate) the bias 
on the amplifier goes negative, causing the amplifier 
to conduct and the relay to close. 

In the circuit diagram, TR1 appears in a form 
of the Colpitts oscillator circuit. In the prototype 
a Wearite PA2 coil was used. This is a medium 
wave component and it might be better to use a 
Wearite PA1—the long wave equivalent. The 
latter would stop the oscillator radiating on the 
medium wave band and causing unwanted inter- 
ference. However, radiation would be negligible 
if the oscillator were mounted close to the plate. 

The transistor used in the TRi position in the 
prototype was a Mullard OC171, although any 
r.f. transistor would be suitable. The diode Di 
may be any germanium diode. 

Relay Amplifier 
The relay amplifier is quite simple and a surplus 

relay was used in the prototype. The transistors 
must be fairly good quality types. Surplus transistors 
were tried in the TR2, TR3 and TR4 positions, 
but were replaced by Mullard OC77's as the relay 
was inclined to pull in without any triggering 

bias due to the "leakiness" of the surplus transistors. 
OC71's should suit admirably.* 

No attempt was made to miniaturise the device 
as it was desired to keep the cost as low as possible, 
all the components being "in stock". It would no 
doubt be possible to make quite a small unit, 
the largest components being the coil and the relay. 
The dimensions of the case used in the authors' 
prototype were 7 x 7 x 3fin. This provided plenty 
of room to work in, and permitted the use of 
fairly large batteries, in case the unit was to be 
used for long periods. It should be noted that 
two batteries are necessary. The current drain is 
not very great and if a miniature unit was required, 
smaller batteries could be used. 

Construction 
The circuit was built as two separate units, 

the r.f. oscillator and the relay amplifier. Both 
were built on small pieces of Perspex, the relay 
being mounted by means of a couple of Terry 
clips. The controls can be mounted on the front 
of the case. On the authors' model a wander-plug 
socket was provided for the lead from the sensing 
plate. Another improvement would be to line the 
front panel with tin-foil, as this would limit hand 
capacitance effects when the controls were adjusted. 
The tin-foil could then be earthed to the positive 
line of the oscillator circuit. Care would have to 
be taken in the mounting of VC2 to ensure that 
it was insulated from the tin-foil. 

The function of VCj is "rough" control of the 
oscillator output, while VC2 is used for "fine" 
control. For this reason it is advisable to fit a 
slow-motion drive to VC2. VRi is used to adjust 
the negative bias on the base of TR2. This causes 
the relay to pull in when the positive bias from the 
oscillator is cut off. 

, * If an OC71 is employed in the TR4 position, relay coil current is limited to a maximum of 10mA only. The writers state that they 
found that a surplus P.O. relay with a 1,0000 coil worked satis- 
factorily in the circuit, and this would meet the 10mA requirement. 
A transistor capable of passing a heavier current might be preferable 
for TR4, and an OC72 would for instance enable much higher relay 
energising currents to be obtained. It may be added that a non- 
surplus relay having an energising voltage of 7 to 9 and a coil resistance 
of 6700 is the Cat. No. Z70B from Home Radio (Mitcham) Lt l. 
This would draw 13mA at 9 volts and therefore requires a transis o: 
having a lightly higher collector current rating 1 he OC' I. 
Editor. 
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Sensing plate 

VvW 

r i!VC VR 
9V 9v 

-VW-n 
TR VC C3 

11^ 
\ S|b \ Sla TR4 TRp 

Relay 
coll 

controlled 
circuit Relay 

contacts 
OSCILLATOR RELAY AMPLIFIER 

The circuit of the transistorised capacitance relay 

Components List 

T?p c/efnyv 
(All fixed values i watt 20%) 

Rx 4.7ka 
R2 470a 
R3 IkO 
R4 IkO 
Rs lOOkH 
VRi 500k fi, potentiometer, linear track 

Capacitors 
Ci 0.1 ptF paper 
C2 1 OOpF silver-mica 
C3 0.1 ptF 
C4 0.1 (J.F 
VCi 800pF compression trimmer 
VCg 150pF air-spaced panel-mounting trimmer. 

Type C.804 (Jackson Bros.) 

Inductors 
Li,2 Type PA2 coil (Wearite); Li tuned winding, 

L2 coupling winding 

Semiconductors 
Di Any germanium diode 
TRi OC171 (see text) 
TR2 OC71 
TR3 OC71 
TR4 OC71 (see text) 

Switch 
Si, (a), (b) d.p.s.t. on-off switch 

Relay 
Surplus relay (see text) 

Batteries 
2 9-volt batteries 

Drive 
Epicyclic slow motion drive (for VC2) 

The layout of the unit is not critical. 
The sensitivity depends on the size of the capaci- 

tance plate and on the adjustment of the controls, 
this being quite critical. A suggested way of tuning 
the unit would be to advance VRi (i.e. decrease 
its resistance) until the relay just pulled in. Next 
decrease the capacitance of VQ until the relay de- 

energises and adjust VC2 to the most sensitive 
point. 

No detailed constructional information is given 
since it is thought that the experienced constructor 
will wish to build it in a form to suit his own needs. 
Also, with units of this kind, it is sometimes desirable 
to fit it into the piece of equipment which it is to 
operate. 
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Sine and 

Square Wave 

Audio Oscillator 

By W. V. WOODS 

This simple circuit gives low-distortion sine or 
square waves at the touch of a switch 

The unit to be described has proved extremely 
useful for testing various types of audio 
amplifiers. When used in conjunction with 

an oscilloscope it is possible to trace different 
types of distortion both quickly and easily. There 
are numerous other uses to which the unit can be 
put. 

The Circuit 
In the circuit diagram Vj, a 6C4, is employed 

as the sine wave oscillator. The frequency of 
oscillation should be approximately 1 kc/s, this 
depending on the exact characteristics of the 
transformer used in the Ti position. Ti may be 
any small intervalve coupling transformer, the 
component employed by the writer having been 
taken from an ex-disposals amplifier. If necessary, 
the desired frequency can be obtained by con- 
necting a small capacitor across one of the trans- 
former windings. 

Components List 

Resistors 
(All fixed resistors are i watt 10%) 

Ri 47kn 
R2 4.7kn 
Rj lOOkfl 
R4 IMH 
Rs 47kn 
R6 220k-Q 
R7 33ka 
Rg l.Skfl 

*R9 18kn 
VRi 500k potentiometer, log track 

* May need adjustment for varying h.t. supply 
voltages. 

Capacitors 
(All capacitors 350V wkg.) 

Ci,2 0.01 [IF 
C3,4 0.1 (iF 
C5 811F electrolytic 

Transformer 
Ti Intervalve transformer (see text) 

Valves 
Vi 6C4 
Y2 12AX7 

Switch 
Si(aMb) d.p.d.t. switch 

Sockets 
1 B7G valveholder 
1 B9A valveholder 
1 Coaxial output socket 

R9 HT+ 
■'AW *- 

350V 
The circuit of the sine/square 
wave oscillator. T) may be a 
1:3 to 1:5 intervalve transformer, 
with the winding having the 
larger inductance in the anode 
circuit of Vfi. The correct tone 
may then be obtained 
experimentally by connecting a 
fixed capacitor (having a value 
between 10OpF and 0.01 u.F) 
across one of the windings. 
If it is difficult to obtain reliable 
oscillation, reverse T) so that 
the winding with the larger 
inductance is in the grid circuit 

of V1 

I C5 

X JT 
1 

2AX7 
ru j LT 

Output ^25 
VR 

6C4 
R2 ^6^ r8 

3 4 
I ^ 6-3V 

A.C. 
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R2 is included to limit the anode current of Vi. 
Its inclusion also ensures a cleaner waveform. 

The square wave output is achieved by feeding 
the sine wave from Vi into the clipper circuit 
given by V2(a) and V2(b). These two triodes are 
greatly over-driven and, with the positive feedback 
between the two cathodes, produce a square wave 
output at the anode of V2(b)- 

The switch sections Si(a) and Si(b) select either 
sine or square wave output as desired, and potentio- 
meter VRi serves as an output attenuator. Both 
sine and square waves are extremely clean when 
viewed on an oscilloscope. 

Power Requirements 
H.T. and heater requirements for the unit are 

very low, and can, in most cases, be taken from the 
main oscilloscope supply. The circuit will work 
with any voltage (across C5) between 175 and 300, 
although the output will decrease slightly with 
lower voltages. The value of R9 (which is suitable 
for a 350 volt supply) may have to be altered to 
suit different supply voltages. H.T. current is 
only 5mA with 350 volts applied. Heater require- 
ments are 6.3 volts at 0.45 amps. 

Alternative valve types can be tried. For Vj, 
a 6J5, or J

2-12AU7 or ^6SN7 may be used without 
any circuit changes. Similarly, a 6SL7, or two 
6AT6's or 6AV6's may be tried in the V2 position. 
Types such as the 12AU7 and 12AT7 have been 
checked for V2, but a sloping of the square wave 
occurred with these valves. 

Physical layout is not critical. The original 
was constructed on an old TV turret tuner chassis, 
although it has since been re-built on a more 
suitable chassis. 

Annual Subscription 
For an Annual Subscription (33/- p.a.) complete 

and send in the coupon below or, if you do not 
wish to cut your copy, supply the required informa- 
tion by letter. 

Single Copies 
Individual copies may be obtained from your 

newsagent or direct from us, price 2s. 3d. postage 6d. 

To Data Publications Ltd., 
57 Maida Vale, London, W.9. 

I enclose remittance of 33/- for Annual Sub- 
scription to The Radio Constructor commencing 
with the  
issue. 

Name  

Address  
(Block Capitals) 

NEXT MONTH 

IN 

-Radio Constructor 

"3 From 1" Short Wave Circuit 
Another ingenious circuit in which one triode- 

pentode functions as a periodic r.f. amplifier and 
triode detector with reaction, after which the 
pentode section doubles as a reflexed triode output 
valve. Coverage of the receiver is from 3.5 to 
20.6 Mc/s. 

❖ * * 

Photo-Sensitive Switch 
One method of obtaining a swift-acting light 

controlled switching circuit which operates at a 
specific illumination level could consist of coupling 
a phototransistor to a Schmitt trigger. In this 
article the author takes f , idea one stage further 
by having the phototransistor enter the Schmitt 
trigger circuit itself! 

Hs ❖ ❖ 

Field Effect Transistors 
The latest important semiconductor device to 

emerge from development at a price suitable for the 
pocket of the home experimenter is the field effect 
transistor. In this article our contributor discusses 
the exceptionally high input impedance of the 
F.E.T., together with its operation in typical 
amplifier circuits. 

sfJ * * 

Communication by Modulated Arc Beam 
Our previously published articles on modulated 

light systems all employed transmitting lamps whose 
filament current was modulated by the audio signal 
to be transmitted. A disadvantage with all these 
systems is the thermal inertia of the filament, which 
limits the maximum frequency the system can 
handle. The author has overcome this problem by 
using an arc lamp as light source, whereupon a 
maximum frequency of 10 kc/s is capable of being 
transmitted. Tests with the prototype resulted in 
clear reception of the modulated beam at a distance 
of nearly a quarter of a mile in daylight. 
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This month Dick and Smithy 
enter the New Year with rather 
less than their customary elan. 
Nevertheless, they are still able 
to look into the mysteries of 
transistor dissipation and to 
devote some time to valve and 
transistor reflexed amplifers 

And, now, we are again over 
the threshold of the New Year. 
It is the early morning of 

1st January and laid out before us 
are twelve unsullied months, months 
which are filled with the promise of 
greater action and achievement, of 
greater joy and accomplishment and 
of greater endeavour and consum- 
mation. On 1st January we rise 
anew, like the phoenix, from the 
ashes of last year's disappointments, 
to face a New Year replete with 
glittering expectation and radiant 
promise. 

Thus should it have been with 
Smithy the Serviceman as, at least 
half an hour after official starting 
time on the New Year's Day on 
which our story commences, he 
inserts a trembling key into the lock 
of the Workshop door. As he opens 
the door and stumbles in, we search 
for signs of the newly arisen phoenix, 
to be rewarded only by a wild and 
bloodshot stare which could, were 
we to strain credulity to the limit, 
just conceivably have resulted from 
too close a contact with the flames. 

As our central character shuffles 
aimlessly about the stage there is a 
further fumbling at the door. 
Eventually, this opens, and a second, 
more youthful, figure staggers in. 
Again we watch for the phoenix, but 
all we find is an unkempt disorder 
which, by the exercise of all our 
charity, we might just possibly 
ascribe to the rigours of escape from 
the pyre. But only just. 

Without a word, our two players 
now break into a shambling pas de 
deux, lurching and pitching about 
each other as they endeavour to 
divest themselves of their outer 
clothing. At last their efforts prove 
successful and they flounder in 
unison towards the Workshop door, 
their faltering hands raising their 
raincoats towards the coat-hooks 

affixed thereto. Relieved of their 
burdens, they weave uncertain paths 
towards their respective benches, 
eventually blundering into their 
stools, on which they sink with 
manifest relief. 

The moments pass, and then the 
younger of the two gives voice. 

Getting To Grips 
"Corluvaduck," breathed Dick. 

"What a hell of a New Year's Eve I 
had last night!" 

Smithy winced. 
"Must you," he groaned, "shout 

your head off about it, then?" 
Dick grimaced. 
"I'm only," he complained, 

"trying to be chatty. After all, it is 
New Year's Day." 

As Smithy raised a trembling hand 
to his brow, a thought suddenly 
occurred to his assistant. Reaching 
down, he opened a drawer in his 
bench and produced a tube of 
Alka-Seltzers, after which he went to 
the Workshop sink, to return with 
a cup and a tin mug both half-filled 
with water. Opening the tube he 
dropped two tablets in each of the 
utensils, then immediately clapped 
his hands over his ears. 

Smithy had already covered his 
eyes. 

When the tablets had dissolved, 
Dick lowered his hands, nudged 
Smithy, and passed the tin mug to 
him. 

"I had to cover my ears," he 
explained, "it's that deafening hiss 
they make when you drop them in 
the water." 

"What disturbs me more," replied 
Smithy, "is their blinding white- 
ness." 

Silently the pair drank. 
"Ah," said Smithy after a moment. 

"Now that's better. I feel like a new 
man already." 

"So," said Dick, "do I." 
A troubled expression spred over 

Smithy's face. 
"I suppose," he said hesitantly, 

"we should be thinking of doing a 
bit of work." 

"There's nothing to do," replied 
Dick happily. "We cleared every- 
thing out yesterday." 

Smithy heaved a loud sigh of 
relief. 

"Thank goodness for that," he 
remarked. "1 didn't get to bed till 
the early hours this morning and, 
right now, the idea of stabbing away 
at a flimsy printed circuit board 
doesn't appeal to me one little bit." 

"Nor me," confirmed Dick. 
"Besides, I'm a bit worried about 
something." 

"Oh yes," said Smithy, "and 
what's that?" 
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"This dissipation business." 
Smithy turned a rheumy eye upon 

his assistant. 
"Dissipation?" he repeated. "A 

young lad like you worrying about 
dissipation? It's when you get to 
my age, boy, that you have to start 
worrying about dissipation!" 

Dick threw a helpless glance at the 
ceiling. 

"There are times, Smithy," he 
remarked, "when I really despair for 
the future of your generation. The 
dissipation I'm thinking of is tran- 
sistor dissipation." 

"Oh," said Smithy weakly. "Tran- 
sistor dissipation." 

"That's right," confirmed Dick. 
"What's been puzzling me for ages 
now is why you get less dissipation 
if you use a transistor as a switch 
than when you use it as a normal 
amplifier. Like, for instance, when 
you use a transistor as a switch in 
the output stage of a pulse-width 
modulated a.f. amplifier." 

Smithy collected his thoughts. 
"I suppose," he said resignedly, 

"that if there's no work to do I 
might as well answer your questions 
as do anything else. Fortunately, 
this dissipation business isn't too 
difficult to explain. We'd better 
start off with a spot of simple 
basic." 

Smithy settled himself more com- 
fortably on his stool. 

"Let's assume," he continued, 
"that you've got a battery, and you 
connect across it a fixed resistor and 
a variable resistor in series. We can 
take easy figures for voltage and 
resistance values so let's say that the 
battery gives 10 volts, that the fixed 
resistor, which I'll call R,, is 100, 
and that the variable resistor, which 
I'll call R2, is lOOU. Fair enough?" 

Dick pulled his notepad towards 
him and sketched out the circuit that 
Smithy had described. (Fig. 1.) 

"Has the battery," he asked, "any 
internal resistance ?" 

"No," replied Smithy. "It has 
zero internal resistance and the only 
resistance in circuit is given by the 
actual resistors Ri and R2. What we 
must next set out to do is to find the 
value of R2 which causes maximum 
power to be dissipated in it. This is 
rather difficult with simple algebraic 
equations, so we'll do the next best 
thing and take numerical examples 
instead. Let's start off with the case 
where R2 is set to insert 1Q in 
circuit. The total resistance in the 
circuit is then 110, which means 
that a current of 10/11 of an amp flows 
through the two resistors. Power is 
given by I2R, so the power dissipated 
in R2 is 10/ii squared, multiplied by 1. 
Which, near as dammit, comes to 
0.8 watts. O.K.?" 

Distrustfully, Dick scribbled the 
figures down on his pad. 

"You're quite right," he said, after 
a moment. "That's what I get, too." 

"Good," said Smithy. "Now let's 
put R2 up to IOOO. This time the 
total resistance in circuit is 1100, so 
that the current from the battery 
becomes 10/iio of an amp. The'power 
inR2 is now 10/ioosquared, multiplied 
by 100. If you work it out, you'll 
find that that is about 0.8 watts, 
too." 

Dick once more returned to his 
pad. 

"You're right again" he said. 
"It comes out to the same figure as 
before." 

"Right-ho," said Smithy, now 
firmly launched on his explanation. 
"The next step consists of setting R2 
so that it inserts 100 into circuit, 
and therefore becomes equal to Rr. 
The total resistance in the circuit is 
now 20n, with the result that the 
current is 0.5 amps. The power in 
R2 is, therefore, 0.5 squared times 10 
which is equal to 2.5 watts. And 
that's quite a bit higher than the 
0.8 watts dissipated in R2 when it's 
set to in or 100fl. If we carry on 
by making R2 equal to 9n, the total 
resistance becomes 190, the current 
becomes 10/i9 amp, whereupon the 
power in R2 is 10/i9 squared, multi- 
plied by 9. What does that come 
to ?" 

An agonised frown spread over 
Dick's brow as he worked on the 
figures. 

"It comes," he announced even- 
tually, "to 2.49 watts." 

"Right," said Smithy. "Let's 
make R2 equal to 110. The total 
resistance then becomes 210, the 
current becomes 10/2i amp, and the 
power dissipated by R2 becomes 
10/2i squared times 11. Could you 
oblige?" 

Dick's agonised frown deepened 
as he applied himself to this new 
calculation. 

"Here we are," he remarked 
triumphantly after some moments. 
"It's 2-49 watts again." 

"Good show," commented Smithy. 
"Let's sum up what we've done up 
to now. We've taken values for R? 
of ID, 100D, 10D, 9D, and 11D, and 
we've found that the value for R2 
which causes greatest power to be 
dissipated in it is 10D. At resistances 
in R2 close to 10D the power is just 
below the power at 10D, and at 
resistances far removed from 100 
the power is considerably lower than 
that for 10D. There's nothing to 
stop you calculating the power 
dissipated in R2 for other values of 
resistance but, whatever figure other 
than lOD you choose, you'll always 
find that the dissipation is lower than 

IOV 
On 

"2 
KDOn 

Fig. 1. A circuit in which a 
battery having zero internal 
resistance is connected to a fixed 
resistor and a variable resistor 
in series. Maximum power is 
dissipated in R2 when the 
resistance it inserts into circuit 

is equal to Ri 

that at 10D. If we take this statement 
a stage further, we can say that, 
whatever the value of Ri, greatest 
dissipation occurs in R2 when it is 
equal to Ri." 

"I've followed all this up to now," 
said Dick, "but where do transistors 
come in?" 

"They come in at this very 
moment," replied Smithy. "What 
we next do is to replace R2 by a 
transistor connected in the earthed 
emitter mode, whereupon Ri be- 
comes its collector load. (Fig. 2.) 
The power dissipated in this tran- 
sistor is well-nigh equal to collector 
current multiplied by the voltage 
between collector and emitter. If 
collector current is such that the 
emitter-collector voltage is half the 
supply voltage, then equal voltages 
are dropped across the load resistor 
and the transistor. The effective 
resistance of the transistor is then 
the same as the load resistor and so 
it suffers maximum dissipation." 

"Oh, I see," said Dick. "What 
this means is that you get maximum 
cooking effect in the transistor when 
half the supply voltage appears 
across it." 

"You've got it," confirmed Smithy. 
"Now, if you next assume that 
transistor base current is raised until 
the transistor bottoms and becomes 
fully conductive, very little voltage 
will appear across it and it will 
exhibit a low effective resistance. 

(El 

Fig. 2. If R2 is replaced by a 
transistor it follows that 
maximum dissipation occurs in 
the transistor when half the 
supply voltage appears across it 
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Cut-off 

Collector voltage 

Bottomed _ 

Half supply voltage 

Transistor 
dissipation 

Increase 
Average 
dissipation 

Time  •- 

Fig. 3. When a square wave is applied to the base of an earthed emitter 
transistor causing it to be alternately cut-off and bottomed its collector 
voltage may take up the waveform shown here. Transistor dissipation 
reaches maximum at the half supply voltage points during the transition 
from cut-off to the bottomed state and vice versa. (It is assumed here that 
dissipation levels for the cut-off and bottomed conditions are equal. In 

practice these dissipations, whilst low, will normally be dissimilar) 

The effect is similar to that when we 
made Ra equal to 10, and the 
dissipation in the transistor becomes 
considerably less than the figure given 
for half supply voltage working. If, 
alternatively, we reduce base current 
until the transistor is cut-off, then 
practically all the supply voltage will 
appear across it and it will exhibit 
a high effective resistance. As 
occurred when we increased Ra to 
lOOfl, the power dissipated in the 
transistor becomes considerably less 
than is given when half the supply 
voltage appears across it. In practical 
circuits the ratios of effective tran- 
sistor resistances for the bottomed, 
the half supply voltage and fully 
cut-off states will be a lot wider than 
the simple 1:10TOO figures I've used 
for explanation. Which means that 
dissipation at bottoming and cut-off 
will be a lot lower again than is 
indicated by the figures I quoted in 
the resistance example for in and 
loon." 

Quick Transition 
"I'm beginning to understand 

what all this is about now," said 
Dick, excitedly. "If you use a tran- 
sistor as a switch you arrange it so 
that it's either bottomed or fully 
cut-off. ^ And in both instances it will 
only dissipate a small amount of 
power." 

"That's right," confirmed Smithy. 
"Don't forget, of course, that you've 
got to change the transistor from the 
bottomed to the cut-off condition, 

or vice versa, when a change in 
switching is required. If the transi- 
tion from one condition to the other 
is made very quickly, the transistor 
passes through the half supply 
voltage point where maximum dissi- 
pation takes place in a very short 
space of time, so that average 
dissipation is only slightly higher 
than the low figures given for 
bottoming and cut-off. In a pulse- 
width modulated amplifier, the out- 
put transistors are switched con- 
tinually from bottoming to cut-off 
and back again, because what is very 
nearly a square wave is applied to 
their bases. In consequence, they 
spend nearly all their time either at 
bottoming or at cut-off, and only a 
relatively short time passing through 
the high dissipation half-voltage 
state. (Fig. 3.) The average dissipa- 
tion is, therefore, relatively low." 

"It seems to me," said Dick 
thoughtfully, "that transistors are 
more useful as switches than as 
ordinary amplifiers where they're 
mid-way between bottoming and 
cut-off." 

"I wouldn't go so far as to say 
that," rephed Smithy cautiously, 
"but it's certainly true to say that the 
transistor forms an excellent switch 
for computer work and similar 
applications. This half supply 
voltage business doesn't, by the way, 
apply only to transistors. If, for 
instance, you're knocking up a 
circuit using a phototransistor, such 
as the OCP71, or a photoconductive 

cell, such as the ORP12, you're 
almost bound to connect it to a d.c. 
supply in series with a resistor, or in 
series with a component having 
resistance such as a relay coil. 
(Fig. 4 (a).) Varying light intensities 
then cause different voltages to 
appear across the resistor. In a 
circuit of this type you should always 
give values to the supply voltage and 
series resistance which ensure that 
the dissipation in the phototransistor 
or photoconductive cell at half- 
supply voltage is less than the 
maximum figure specified by the 
manufacturer." 

"But," asked Dick, puzzled, 
"won't that involve a lot of experi- 
mental work?" 

"How d'you mean?" 
"Well," replied Dick, "you'd have 

to experimentally illuminate the 
phototransistor or photoconductive 
cell so that just half the supply 
voltage appeared across it, then 
measure the current which flowed 
through it." 

This time, it was Smithy's turn to 
direct a helpless glance at the 
ceiling. 

"If," he said despairingly, "this is 
a sample of what life is to be like 
in the New Year, I'd prefer to go 
back to the old one." 

"Come off it," said Dick, incensed 
at Smithy's reaction. "There's no 
need to be like that. It was a 
perfectly straightforward question." 

"I suppose it was," replied Smithy 
resignedly. "Although, if you'd 
listened properly to what I've been 
saying, you wouldn't have had to ask 
it. Anyway, let's take an example. 
Let's assume that we have an ORP12 
in series with a 25k O resistor and 
with an applied voltage of 50." 
(Fig. 4 (b).) 

"Okey-doke," said Dick obliging- 
ly. "Let's assume that." 

"What," asked Smithy, "will be 
the effective resistance of the ORP12 
when half the supply voltage appears 
across it?" 

"That's what I meant just now," 
said Dick. "You'd have to illuminate 
it to find out." 

" You great roaring twit," exploded 
Smithy. "You'd have to do nothing 
of the sort! haven't we just been 
saying, when we were talking about 
transistors, that half the supply 
voltage appears across the transistor 
when it has the same effective 
resistance as its load ?" 

"I suppose so," replied Dick 
uncertainly. 

"The same thing," continued 
Smithy, glaring irately at his 
assistant, "applies to the ORP12. 
Which means that, at half the supply 
voltage, the resistance of the ORP12 
will be 25kn" 
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Smithy paused. 
"Doesn't it?" he asked belli- 

gerently." 
"Yes," replied Dick unhappily. 

"I suppose it does." 
"So what," went on Smithy, "is 

the power dissipation?" 
"Well," said Dick hastily, "it will 

be the power given by 25 volts 
p2 

across 25ktl. Which, from —, is K. 
25 squared over 25. Why, it's 25 
watts!" 

"Watts?" 
"25 watts." 
"WattsT 
"Dash it all, Smithy," said Dick. 

"Don't keep saying 'what' all the 
time." 

"I didn't say 'what'," snarled 
Smithy. "I said 'watts'." 

"Oh, I'm sorry," replied Dick. 
"But why 'watts' ?" 

"Why what?" 
"Why 'watts'?" 
"Why 'watts'?" repeated Smithy. 

"Because the answer should be in 
milliwatts, that's why. The dissipa- 
tion in the ORP12 is 25 milliwatts, 
and this is its maximum possible 
dissipation in the circuit because it 
occurs at half supply voltage. Also, 
incidentally, it's well below the 
maker's maximum figure of 200 
milliwatts at 40oC. And how I've 
managed to remember that after 
what must have been the most 
asinine bit of conversation that's ever 
taken place in this Workshop I'm 
darned if I know!" 

Smithy fell silent and brooded over 
his grievances. 

"I've got an idea," said Dick 
suddenly. 

Smithy granted. 
"How about," continued Dick 

brightly, "getting the old kettle on 
for tea?" 

The mention of the life-giving 
liquid brought about an immediate 
change in Smithy's expression, and 
there was a perceptible softening in 
his voice as he replied. 

"Now, that" he remarked, "is the 
first sensible thing you've said this 
year!" 

As Dick busied himself at the 
sink, the accustomed clatter of the 
variegated utensils was patently 
music to the Serviceman's ears and, 
when his assistant deposited a 
steaming hot mug on his bench, it 
was obvious that he had almost 
returned to his usual self. 

"Ah," he said with great satisfac- 
tion, as he drank the first of the 
fluid from his disgraceful tin mug, 
"that's what I've been wanting ever 
since I got here!" 

"What time," queried Dick, "did 
you get to bed this morning?" 

"I don't," replied Smithy cautious- 
ly, "actually remember going to bed. 
Nevertheless, I think it would be 
safe to say that I retired very shortly 
after three twenty-three." 

"If you don't remember getting 
into bed," asked Dick, puzzled, 
"how on earth can you be so exact 
about the time?" 

"It's the time," explained Smithy, 
"which the alarm clock hands were 
pointing at when I picked the pieces 
up from the hall floor this morning." 

"But don't you keep the alarm 
clock up in your bedroom?" 

"Yes," replied Smithy. 
The Serviceman took a further 

draught from his mug. 
"What time," he asked, "did you 

get into bed?" 
"Earlier than that," said Dick, 

"about half-past one or thereabouts. 
I needed to, after all the social 
drinking I'd had to go through 
because it was New Year's Eve." 

"Social drinking ?" queried Smithy, 
casting a censorial glance at Dick. 

"Yes," said Dick, with a wry face. 
"We had a folk session down at 
Joe's Caff and I must have got 
through at least twelve pints of that 
coffee of his before I left. My 
insides must be like mahogany at the 
time being." 

"I thought Joe's Caff was a 
Chinese Restaurant these days." 

"Not now," said Dick. "When 
the folk-song business got going he 
changed it all round again. Nowa- 
days, he dishes up the nosh wearing 
a Donovan cap, and he's altered the 
name to 'The Pallid Ballad'." 

"Dear me," said Smithy. "Quite 
like the old days." 

"Isn't it?" agreed Dick enthu- 
siastically. "Last night we had our 
Monster New Year's Eve Folk Song 
Composing Contest. Smashing, it 
was." 

"Did you win a prize?" 
Dick's face fell. 

"No such luck," he grumbled. 
"My entry was disqualified on three 
counts. First of all, I didn't put 
enough 'uh-huh's' in. Secondly, they 
found that one of the lines scanned. 
And, thirdly, there was a distinct 
hint of two line-ends rhyming half- 
way through the second verse. You 
know, Smithy, these folk-songs are 
jolly difficult to compose." 

"I should imagine they are," 
replied Smithy sympathetically. 

A frown appeared on Dick's brow. 
"I've just remembered," he re- 

marked. "There's another thing 
that's worrying me as well." 

"What's that?" 
"This reflex business." 
"I'm not surprised," said Smithy 

mildly. "If you absorb a gallon and 
a half of coffee in one evening it 
would be doubtful if you had any 
reflexes left." 

"Dash it all, Smithy," expostulated 
Dick. "You're not half non- 
electronically orientated this morn- 
ing. I mean reflex circuits 

"In radio sets ?" 
"That's right." 
"Well," said Smithy, "there's 

nothing very complicated about 
them. A reflex stage in a receiver is 
one which amplifies the same signal 
twice, the signal having been changed 
in some way before it is re-applied. 
A possible example of a reflex 
amplifier in a superhet could be a 
valve or transistor which amplifies 
the r.f. signal as received on the 
aerial as well as the i.f. signal which 
appears after the frequency-changer. 
In practice, however, this is not an 
attractive proposition, unless you can 
be certain that the aerial signal 
frequencies do not fall on the 
harmonics of the i.f. What is an 
attractive idea for a reflex stage is 
to have it first amplify an r.f. or i.f. 
signal, and then the a.f. signal 
following the detector. This is quite a 
feasible proposition and you'll en- 

Load resistor 

—Output 

OCR 71 
Supply 
+ 0 

25 kn 

ORP 12 

Output 
Supply 
SOV 

(a) (b) 

Fig, 4 (a). Usually, a phototransistor or photoconductive cell is connected 
in series with a load offering resistance, as in the example shown here 
(b). A photoconductive cell connected in series with a 25kQ resistor with 
50 volts applied. Maximum dissipation occurs in the cell when half the 

supply voltage appears across it 

JANUARY 1966 373 

www.americanradiohistory.com



• HT+ 
47kn< OOCH 

oo5\-n^u 

: I8kn 

47 kn 
Grid stopper 

Anode of 
frequency 
changer 

Grid of 
output 
valve 

'FT, IFTp 

i 200pF 
T 

LF/A.F. 
Amplifier 

47 kn 

200pF 
AG.C 
diode 

Detector 
diode 

SOpF 

o-oiyF 
Hl- 

lOOkn 
W- SOOkn 

Volume control 
aooi 

PF 2Mn 

X 
A.GC 

A.G.C. -2V 

(a) 

IFT2 

1 
/S !:i 56kn 

T 
O-OlpF 

I.F/AF Amplifier 

OOO^jF 

HT + 

To grid of 
output valve 

(b) 

Fig. 5 (o). A typical valve reflex circuit in which the pentode section of a double-diode-pentode functions both as i.f. and 
a.f. amplifier. The 2Mn resistor coupling to the —2V line is the a.g.c. diode load. Full a.g.c. is applied to the frequency 
changer but only a fraction is applied to the reflexed pentode. The —V/ is obtained from an auto-bias circuit in the 

power supply section of the receiver. The pentode is a variable-mu type 
(b). A variant on the reflex circuit of (o). The methods of applying detected a.f. back to the pentode grid and of 
obtaining a.g.c. remain the same as in (a), but the amplified a.f. is taken from the screen-grid of the pentode instead 

of the anode 

counter it quite often." 
"So far as I can see," commented 

Dick, "reflex circuits seem to be used 
by home-constructors only." 

"They appear," replied Smithy, 
"in some commercially made sets as 
well. There were quite a few com- 
mercially made radios before the war 

which used reflex circuits, and in 
these the i.f. amplifier functioned as 
an a.f. amplifier as well." 

Smithy took his stool and mug of 
tea over to his assistant's bench and 
pulled Dick's notepad towards him. 

"I don't want to spend too long 
talking about these old sets," he 

remarked. "But the basic ideas they 
used are very useful as an introduc- 
tion to the principles involved in 
more modern receivers. This circuit 
I'm scribbling out now (Fig. 5 (a)) 
is for a reflex stage in a valve 
superhet. In this, the anode of the 
i.f./a.f. amplifier valve goes to the 
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primary of the second i.f. trans- 
former in the normal way, the upper 
end of this primary being bypassed 
to chassis via a 0.001 gF capacitor. 
The secondary of the i.f. transformer 
then couples to a diode, which is in 
the same envelope as the i.f. pentode, 
and you get a detected a.f. voltage 
across the volume control in the 
usual manner. The a.f. tapped off 
by the slider of the volume control 
is then fed back to the lower end of 
the first i.f. transformer secondary, 
this also being bypassed to chassis 
via a 0.001 uF capacitor. The 
reactance of this 0.001 uF capacitor 
is fairly high at audio frequencies, 
and so most of the a.f. from the 
volume control is applied to the grid 
of the i.f./a.f. pentode. The valve 
now proceeds to amplify the a.f. 
signal. The amplified a.f. at the 
anode is then picked off from the 
top of the second i.f. transformer 
primary and applied to the grid of 
the output valve. You'll note that 
the secret of success in the circuit is 
the use of bypass capacitors which 
offer a low reactance at i.f. and a 
high reactance at a.f. In this circuit 
the two 0.001 ij-F capacitors carry out 
this function." 

Smithy commenced to draw 
another circuit on Dick's pad. 
(Fig. 5 (6).) 

"Here," he announced, "is a 
variation on the theme. This time 
the amplified a.f. is taken from the 
screen-grid of the i.f./a.f. amplifier. 
The screen-grid is bypassed by a 
0.001 gF capacitor and the a.f. signal 
on the screen-grid is then fed to the 
grid of the output valve. So you get 
1.f. amplification by a pentode, and 
a.f. amplification by the effective 
triode given by the cathode, grid and 
screen-grid. Quite a knobby idea, 
isn't it?" 

"It is neat," confirmed Dick. 
"One important point with cir- 

cuits like these," said Smithy, "is 
that it isn't desirable to apply a high 
level of a.g.c. to the i.f./a.f. valve, 
because this would introduce a.f. 
distortion with signals giving a high 
a.g.c. voltage. Even more disturbing 
is the fact that you'd obtain an 
effect where a strong signal caused a 
reduction in a.f. amplification. As 
a result, sets of this type had circuits 
which ensured that only about one 
tenth of the a.g.c. voltage was 
applied to the reflex valve." 

Reflex Transistor Stages 
"What," asked Dick, "was the 

main advantage of these circuits?" 
"A valve was saved," replied 

Smithy. "And the saving of a valve 
in those days, when there weren't 
any of the modem types which 
combine an a.f. triode and output 

pentode in one envelope, was well 
worth-while. Still, that's enough 
about old radios. Let's get on to 
something a bit more modern." 

Smithy pondered for a moment, 
then commenced to draw a further 
circuit. (Fig. 6.) 

"You mentioned home-construc- 
tor reflex circuits just now," he said. 
"So let's just take a brief glance at 
one home-construction reflex ar- 
rangement which has become a 
standard in the amateur field and 
which is, I think, due to D. J. 
French.* This is a simple but very 
effective circuit, and it has formed 
the basis of a considerable number 
of small home-constructor transistor 
designs ever since it first appeared. 
What happens in the circuit is that 
the signal picked up on the ferrite 
rod aerial is passed to the base of 
the transistor via a tap in the tuned 
coil which matches into the tran- 
sistor's low input impedance. The 
transistor then functions as an r.f. 
amplifier, the amplified r.f. being 
passed to the two diodes via the 
500pF capacitor. The r.f. choke 
prevents the r.f. being applied to the 
following a.f. stages in the receiver. 
The two diodes are in a voltage 
doubler rectifier circuit so that you 
get nearly twice as much detected 
a.f. as you would with a single diode. 
The detected a.f. is then passed back 
to the base of the transistor via the 
tuned coil." 

Smithy indicated the lower section 
of the tuned coil with his pen. 

"An ingenious little feature," he 
continued, "is the lOOkO resistor 
which connects between the negative 
supply line and the positive end of 
the second diode. This provides base 

* D. J, French, "The 'Ranger-3' Personal 
Transistor Receiver", The Radio Constructor, 
March 1961. 

bias for the transistor and it also 
makes the two diodes slightly 
conductive. Thus, they are ready to 
detect any signal no matter how low 
its amplitude. There is also a 
0.04gF capacitor between the positive 
end of the second diode and the pos- 
itive supply line. This capacitor acts 
as r.f. filter capacitor for the detection 
circuit and r.f. bypass for the lower 
terminal of the tuned coil. At the 
same time it causes only slight 
attenuation of the detected a.f. signal. 
This a.f. is next amplified and then 
applied, via the r.f. choke, which 
offers negligible impedance at a.f., 
to the following a.f. stages." 

"It really is ingenious," said Dick, 
who had been following Smithy's 
explanation closely. 

"Definitely," agreed Smithy. 
"There have, incidentally, been quite 
a few more ingenious transistor 
reflex circuits in the home-construc- 
tor sphere recently, including in 
particular those designed by Sir 
Douglas Hall. Reflex circuits offer 
a wide field for experiment." 

"There don't," commented Dick, 
"seem to be many reflex circuits in 
commercially manufactured tran- 
sistor radios. It looks as though the 
do-it-yourselfers are keeping that 
wide field of yours all to them- 
selves!" 

"Don't you believe it," chuckled 
Smithy. "Reflexed stages are 
beginning to appear in commercially 
manufactured transistor receivers as 
well. In the pre-war valve receivers 
I was talking about just now, the 
reflexed stage was the i.f. amplifier. 
I've recently bumped into some 
commercially made transistor super- 
het receivers which follow the same 
idea, the reflexed stage being the i.f. 
transistor. There is, for instance, a 
range of car radios in which a single 

-9V 
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Regeneration ■ ■ 
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Fig. 6. A basic reflex circuit which has appeared in many home-constructor 
designs. Usually, coverage is medium wave only. The r.f. choke has an 

inductance around 2mH, and the transistor should be an r.f. type 
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F/g. 7. A commercial approach to the reflexed i.f./a.f. amplifier in superhet transistor receivers. This diagram offers 
a slightly simplified version of current circuit techniques 

transistor doubles as i.f. amplifier 
and as a.f. amplifier." 

Smithy got up and walked over to 
the cupboard in which the service 
sheets were kept. He extracted a 
manual and returned to Dick, 
opening it out at the circuit diagram. 
(Fig. 7.) 

"Here's a typical case in point," 
he announced. "And don't forget 
that this is in a receiver which is 
currently available. The basic 
operation of the reflexed stage is 
quite simple. The i.f. output from 
the mixer-oscillator is applied, via 
the first i.f. transformer, to the i.f./a.f. 
transistor. This amplifies in normal 
manner and passes the amplified i.f. 
to the second i.f. transformer, the 
secondary of which couples to the 
detector diode. The detected a.f. is 
then passed to the volume control, 
the slider of which couples back to 
the base of the i.f./a.f. transistor via 
a IOuF electrolytic, a lOOQ 
resistor and the secondary of the 
first i.f. transformer. The 0,03 [aF 
capacitor at the junction of the lOOtJ 
resistor and the secondary of the 
first i.f. transformer acts as an i.f. 
bypass but offers a relatively high 
reactance at audio frequencies. The 
i.f./a.f. transistor now functions as 

an a.f. amplifier, the amplified a.f. 
appearing across the 470n resistor 
in its collector circuit. You'll note 
that there is a 0,05|aF bypass capa- 
citor at the junction of this resistor 
and the primary of the second i.f. 
transformer. This capacitor func- 
tions as an i.f. bypass, but doesn't 
cause too much attenuation of a.f. 
voltages." 

"I see," said Dick. "There are a 
lot of bits in the circuit you haven't 
fully explained, though." 

"True enough," agreed Smithy. 
"For a start, there's that 15pF 
capacitor coupling from the top end 
of the second i.f. transformer 
primary to the base of the i.f./a.f. 
transistor. Since, due to the upper 
earthy tap into this primary, the top 
end of the primary is out of phase 
with the collector, this 15pF capa- 
citor provides a spot of regeneration 
and hots things up a bit. The 1800 
resistor in the collector circuit should 
enable the level of regeneration to 
be maintained accurately." 

"The volume control," observed 
Dick, pointing a finger at the 
appropriate part of the circuit, "has 
a fixed tap in its track." 

"That's right," agreed Smithy. 
"If you look carefully you'll see 

that, when the slider is at the top 
end of the track—which corresponds 
to minimum volume—it couples to 
the 4700 a.f. collector load via a 
IOuF capacitor, thus coupling this 
load back to the base of the i.f. 
transistor. This causes very heavy 
a.f. degeneration. Without such an 
arrangement you might get break- 
through at the minimum volume 
setting with certain signals. The 
resulting i.f. signals would become 
detected in the transistor due to 
non-linearity in its characteristics; 
and the detected a.f. would then pass 
through to the following audio 
stages even though the volume 
control was set to minimum." 

"What," asked Dick, "about 
a.g.c. circuits?" 

"Those," replied Smithy, "don't 
really enter into our present dis- 
cussion. Suffice it to say, though, 
that the a.g.c. circuits that are used 
in receivers like this will be such that 
only a small proportion of the a.g.c., 
if any, is applied to the reflected 
transistor. This is for the same 
reasons as occurred with those old 
reflex circuits using valves." 
1966 And All That 

"Well," said Dick, "it all seems 
to be fairly simple." 
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"Reflex circuits aren't too bad," 
agreed Smithy. "The one we've been 
looking at here is representative of 
commercial approach to reflexed 
stages in transistor radios at the 
time being. I should imagine that the 
use of reflexed stages in transistor rad- 
ios will increase as time goes on, and 
they're pretty sure to follow the 
basic principles of the circuit we've 
just been discussing." 

With these words, Smithy pushed 
the service manual to one side and 
drained his mug. It was obvious that 
discussion on reflex circuits had now 
come to an end. 

"1 must admit," commented Dick, 
as he obligingly picked up Smithy's 
mug and carried it over to the sink, 
"that 1966 doesn't look quite as bad 
as it did when I first came in this 
morning." .. 

"Nor does it with me, said 
Smithy. "Now that I've had a cup 
of tea and bit of a natter I feel nearly 
back to normal." j 

"The trouble with New Years 
Day," observed Dick as he returned 
with Smithy's mug, "is that it 
follows too closely after New Year s 
Eve. They ought to space them out 
a bit." 

"They should," agreed Smithy, 
taking the fully charged mug from 
his assistant. "Still, we have made 
an appearance. And, as you said 
earlier on, it does happen that there's 
no work to do." 

"So?" asked Dick expectantly. 
"So," continued Smithy, "I 

suggest that we finish off our tea and 
then pack it in for the day." 

"That's my guv'nor," responded 
Dick warmly. "And I sincerely hope 
you have the Happiest of New Years, 
and that it's brim-full of sensible 
New Year resolutions just like that 
one!" 

New Product 

VERSATILE NEW AMPLIFIER FROM SINCLAIR 

Sinclair Radionics make another radical departure in 
audio amplifiers with their latest design, the Sinclair Z-12. 
This is a conservatively rated 12 watt r.m.s. amplifier of 
exceptionally small size and full high fidelity performance. 

In conformity with the now familiar Sinclair practice, 
the Z-12 incorporates a high quality pre-amplifier to 
which the user adds tone and volume control circuitry 
to suit his own particular requirements. Measuring only 
3 x 1J x Hin, the Z-12 weighs a mere 3 ounces. Add to 
the size and weight of this remarkable unit the fact that 
it will operate satisfactorily from any power supply 
between 6 and 20 volts d.c., and it becomes clear that 
the Z-12 is going to prove very popular not only with 
the modern hi-fi enthusiast who wants both quality and 
compactness, but also with guitar players, motorists, 
public address users and all others with a need for high 
power from a very small amplifier. For its power, this 
must be one of the smallest amplifiers in the world 

The manufacturer's specifications of the Z-12 include 
the following;   , 
Frequency response—15 to 50,000 c/s ^aB. 

Signal to noise ratio better than 60dB. 
No. of transistors—8. 
INPUT—2mV into 2kn. 
OUTPUT POWER— 

12 watts continuous sine wave (24 watts peak). 
15 watts music power (30 watts peak). 

OUTPUT IMPEDANCE VALUES—Suitable for one or 
two 3a loudspeakers (two can be used in parallel) or 
7.5 or ISO. Useful power from the amplifier is in 
proportion to the impedance of the speaker used 
and is at its greatest with a 30 system. 

Quiescent current consumption—typically 15mA. This 
makes the Z-12 eminently suitable for battery 
operation. 

Size—3 x 1J x l^in. 
Weight—3 oz. 
Tone and volume controls—These are added as re- 

quired. A manual is supplied with the amplifier 
which details a number of circuits from which the 
user can choose the one best suited for the equipment 
he is going to use with the Z-12. Both mono and 
stereo requirements are catered for. 

The Sinclair Z-12 is supplied ready built, tested and 
guaranteed. It costs 89s. 6d. and is obtainable from 
Sinclair Radionics. Ltd., Comberton, Cambridge, post 

A mains power supply unit, the Sinclair PX.10 is 
available, price £2 14s. Od. 

Marconi Marine's "Raymarc" Radar 
For the past few months two major British shipowners have been evaluating Marconi Marine's latest transistorised 
, " r^Hsr thp Esso Petroleum Co Ltd., aboard their tanker Esso London, and Ham-Nourse Ltd., aboard their 

performance all round." 

JANUARY 1966 
377 

www.americanradiohistory.com



Cover Feature 

MAMMA 

THE 

"TWO+TWO" RECEIVER 

By WALLACE STUDLEY 
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Fig. 1. The circuit of the receiver. The screen of TRj is /eft disconnected 

Am/mature short and med/um wove rece/Ver wh/ch /Its into o cob/net measuring some 6 x 3d-x 

Jl ' Zt tt 
0VVS 0 curre"t of onlY 1mA from an internally fated 4.5 vo/t torcb battery represents an attractive proposition. Tuning is carried out by a twin-gang capacitor and 

tberITTlreq
t
UeniCY covera8e Is offered by connecting its two sections in parallel. If, however there is a particular interest in part of a band only, it is possible to obtain reduced coverage by 

using either the front or rear section of the capacitor on its own 

Tins RADIO RECEIVER USES FOUR SEMICONDUCTORS 
and is capable of tuning over a frequency 
range of 480 kc/s to 15 Mc/s whilst drawing a 

current of only 1mA from a 4.5V supply! Two 
transistors, two diodes and a handful of small 
components make it possible; and the circuit of the 
simple receiver is illustrated in Fig. 1. Here, TRi 

378 

provides r.f. and a.f. amplification simultaneously, 
whilst diodes Di and D2 give demodulation. 
Transistor TR2 gives additional audio amplification 
and any signals initially presented by the aerial may 
be clearly heard in high impedance headphones 
connected in the collector circuit of the transistor. 
The receiver is easily duplicated and no alignment 
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problems whatsoever present themselves. Ready- 
made plug-in aerial transformers are used, three in 
all being required. 

Frequency Coverage and Band Changing 
The actual frequency coverage obtained depends 

partly upon the wishes of the contructor, for not 
only is it possible to vary within limits the inductance 
values of the aerial transformers but it is also 
possible to utilise the tuning capacitor VQ in 
dilferent ways. 

The tuning capacitor is, in fact, the popular 
Jackson "00" twin-gang unit, the front section of 
which has a maximum capacitance value of 208pF. 
The other section has a value of 176pF and either 
section may be used alone. Alternatively, the two 
sections may be strapped to provide a maximum 
capacitance of 384pF. Considering these three 
values and allowing some 40pF for circuit "strays" 
we can calculate coverages. These are detailed in 
the accompanying Table. 

Band changing is effected by plugging the 
required transformer into a B9A valveholder and 
since each transformer is fitted with an inbuilt "pip" 
(see inset diagram and key in Fig. 1) incorrect 
positioning is unlikely. Each transformer carries 
three windings and these are identified in Fig. 1 by 
circled numerals corresponding to their pin numbers. 

Sensitivity, and Some Circuit Considerations 
Simple receivers of this type can never approach 

communications receiver sensitivity; they can, 
however, be "pepped up" somewhat. In the present 
circuit, enhanced sensitivity is achieved by returning 
part of the r.f. present at TRi collector to the base 
circuit, in order to provide regeneration. Fixed 
capacitor C2 performs this duty and effectively 
connects the tuned winding between collector and 
base. The degree of regenerative feedback depends 
partly on the setting of VRi which can be adjusted 
for maximum sensitivity by maintaining the tran- 
sistor at the brink of oscillation. To assist in the 
regenerative action the screen lead-out of TRi is 
left open-circuit. 

Both transistors derive the necessary bias poten- 
tials from resistors which are simply connected 
between base and collector. In the case of TRx the 
value of the appropriate resistor (R2) is made rather 
low to increase collector current sufficiently for 
oscillation to take place when VRi is set to "Min". 
By moving the slider of VRi towards "Max", 
however, additional resistance is effectively added 
to R2 and a point is eventually reached where 
oscillation just ceases. At this "peak point" sensi- 
tivity is at its greatest but will fall off rapidly if VRj 
slider is further adjusted in the direction of "Max". 
Keeping VRj set to the "peak point" is of great 
importance, and it must be emphasised here that 
if "Min" is approached excessively signals will be 
replaced by whistling, whilst if "Max" is approached 
excessively no signals whatsoever may be heard. 
Unfortunately, VRi cannot be pre-set and left; it 
must be reset whenever tuning is varied for the 
circuit constants are then being changed. This 

Components List 

Resistors 
(All fixed values i watt 10%) 

Ri 3.9kn 
R2 68kfl 
R3 IkO 
R4 lOOkU 
R5 5.6kfl (see text) 
VRi lOOkfl, potentiometer, linear track 

Capacitors 
(All capacitors modern miniature types) 

Ci 100|j,F, electrolytic, 6V wkg. 
C2 6pF, ceramic or silver-mica 
C3 0.02(i.F, paper 
C4 0.1 (xF, paper 
C5 220pF, silver-mica 
Cfi 0.01 piF, paper 
Cj 100u.F, electrolytic, 6V wkg. 

*VCi 2084-176pF. Type "00" twin-gang (Jackson 
Bros. Ltd.) 

Semiconductors 
TRi AF115 
TR2 AF117 (see text) 
Di,2 OA70 

Coils 
Ti Aerial transformer. Transistor Dual Pur- 

pose Coils, Blue, ranges 2T, 3T and 4T 
(Denco) 

RFC R.F. choke type RFC5 (Denco) 

Sockets 
1 B9A socket 
1 Aerial-earth socket strip 
1 Phone jack 

Miscellaneous 
29 hole x 9 strip (including end strip—see text 

and Fig. 3) piece of Veroboard, 0.2 x 0.2 in 
hole matrix 

Paxolin, 6 x 3 i x ^in 
Vernier dial. Model T502 (Henry's Radio) 
Miniature slide switch, s.p.s.t. 
4,000fl headphones with jack plug 
iin knob 
4.5 volt battery type 1289 (Ever Ready) 

♦ If supplied with trimmers, these should be set to minimum capac- 
itance. 

feature is common to all such simple circuits. Please 
note that the terms "Min" and "Max" refer to the 
amount of resistance in circuit. Note also that, due 
to its very low d.c. resistance, the r.f. choke plays 
no significant part in the bias arrangement for TRj. 
To clarify this latter point it can be said that TR2 
receives base bias simply from R4, whereas base bias 
for TRi base is provided via R2 and VRi, the choke 
having negligible d.c. resistance. 

The prime purpose of the r.f. choke is to obstruct 
the passage of the received radio frequency signals 
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TABLE 
Approximate frequency coverages obtainable in Mc/s using "00" twin-gang tuning capacitor 

Maker's range 
No.—Ti 

L(ixH) 
Tuned winding 

Coverage— 
Rear 

section, VCj 

Coverage— 
Front 

section, VCi 

Coverage— 
Both sections 

strapped 

2T 271.0 0.65- 1.5 0.615- 1.5 O
 

4^
 

00
 1 

3T 27.2 2.10- 5.0 1.90 - 5.0 1.50- 4.3 

4T 2.9 6.50-15.0 6.0 -15.0 4.50-13.5 

Note: An approximate ±15% variation of tuning inductance is obtainable via core adjustment. 

appearing at TRj collector. These can more readily 
pass via C5 to the diodes where demodulation takes 
place. The audio frequency resulting from de- 
modulation is then re-introduced to TRi via the 
low impedance winding of the aerial transformer 
(pins 7 and 5) and reappears amplified at the 
collector. The audio signals now see C5 as a high 
impedance and the choke as a low one and are thus 
able to pass via C4 to the base of TR2 for further 
amplification. The fact that TR2 is a type normally 
employed for r.f. work is of small consequence; it 
could, perhaps, be exchanged for a OC71. Use of 
the specified types is recommended, however, and 

this applies particularly to TRi. 
Re-considering the demodulation process 

momentarily, it is interesting to observe that due 
to the way the diodes are connected a d.c. potential 
is developed across C3 that is dependent on the 
strength of the received signal. Slight irregularities 
are smoothed out by C3 to leave a potential which 
tends to drive the base of TRi. The result is that 
a simple automatic gain control system is set up 
which assists to some extent in counteracting fading; 
at the same time the need for a blocking capacitor 
is removed. 

Since the receiver is to be used mainly for short 

Switch slide cut-out 'M** '/2° 

1/2 
© 

3/8'dia 

To suit phone jack Tuning capacitor spindle centre 

Fig. 2. Essential drilling dimensions for the front panel. Extra mounting holes will be required for the tuning drive, and 
these may be marked out from the drive itself. The dimensions shown for the slide switch may vary with some types, and 

this point should be checked before drilling and cutting out. The material is -fain polished Paxolin 
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Strips cut here 

End strip 

o o o c c 
o H 

To aerial 
socket \ 0 

O °lOl° 

IO II 12 13 14 15 16 17 18 19 2 0 21 22 23 24 25 26 27 28 29 

Fis. 3. Wiring on the conductor side of the Veroboard. Note that a connection from D28 to D19-22 is carried over by the 
metal frame and mounting nuts of the coil holder. The nuts should not short-circuit against strips C or E 

wave listening an aerial is essential. An earth is also 
beneficial but not absolutely necessary. It should 
also be noted that a direct tuning drive is entirely 
unsatisfactory—hence the inclusion of a vernier 
reduction drive unit. Decoupling is adequate and 
the test model is 100% stable. Simple t.r.f. receivers 
do, nevertheless, tend to be temperamental, and 
this point should be borne in mind. Resistor R5 
is not really essential but it is interesting to note 
that, if it is retained in circuit, the receiver can be 
used to drive a separate transistorised audio amplifier 
merely by removing the headphones and lifting the 
"cold" end of C6, connecting this to the amplifier 
input. In this case R5 is left in situ; an additional 
lead is also used to interconnect the positive supply 
lines of the two units. 

Construction 
Mechanical details are given in Figs. 2 to 5. 

Briefly, a piece of ^in thick Paxolin forms a front 
panel (see Fig. 2) which carries the various controls 
and to this is affixed a rectangle of Veroboard. 
Veroboard is made of pre-fabricated Paxolin which 
is fitted with parallel copper conductor strips on one 
side and is plain on the other. The strips are pierced 
with small holes in a regular pattern and enable low 
voltage circuits to be rapidly constructed to form 
what are virtually "printed circuit" assemblies. 

The section of Veroboard required, together with 
all details relating to the conductor side, is shown 
in Fig. 3. As may be seen, twenty-nine holes over 
each of the nine strips are needed. These have been 
given imaginary letter and numeral designations to 

To phone jack ^ 
(below Sj) 

+ 4-5V 
(Red) 

-4-5V 
(Black) 

Links _L o o 

_Pp -f 
o c7 o o 

oTRo'0 vc □ b o o 
o \ o 

0000 __ry Lower RFC lead o o o o o -QCI OOO Of 000 VR, 
o „ J G Q VC| mounting Q 

bracket (H RFC 

Dolly 
ON OFF 

Metal scale Tuning knob 

To earth socket 

To H28 

Sensitivity 

Fig 4. The layout above the board. The tuning capacitor frame is earthed via its met°' broc^ 
bolts to strip G. Ensure that the mounting bolts pass through the board at positions G12 and G17 and that the not contact strips F or H 
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RFC. 

To R2 

VR| 

TR, 

'  ■> 

K 

: 

A 

To pin 6 Ti Fixed vanes 

OFF 

o o 

n To H-t Black 
TR2 -4-5V 

o 

To H3 

Phone jack 
socket 

ai0Ve th*chos*i?- lhe lay°ut of switch tags may vary from that shown here, according to the type of switch employed. As is explained in the text, the connection from VC, fixed vanes may be taken from the first section 
the rear section, or both sections connected together 

aid construction. Strip "I" is slightly wider than 
the others and is found at the edge of a new section 
of the board. The holes in strip "I" are larger and 
if two thin "butts" of wood are glued firmly to the 
inside of the front panel small screws may be passed 
through these holes to provide a rigid assembly. 
A cut-out for the B9A valve-holder is made as shown 
and a slit made across seven of the strips (to break 
their continuity) as indicated. Two resistors and a 
diode are also soldered to this side of the board. 

The majority of the items are fitted to the plain 
side of the board however as may be seen from 
Figs. 4 and 5. VA small L-shaped bracket of 16 s.w.g. 
aluminium is also needed with which to mount the 
tuning capacitor. This should have dimensions 
which enable the capacitor spindle to pass centrally 
through the appropriate hole in the front panel, 
and these may be taken from the component itself' 
Position the bracket as indicated, with the mounting 
holes at "G12" and "G17". The frame of VCr is 
then automatically earthed, via the bracket and 
mounting nuts, to strip "Gl-18". Four linking 
wires are also necessary. Some care is needed to 
ensure that the moving vanes of VCr cannot foul 
transistor TRj. In any case the transistors should 
be the last items to be soldered in, their lead-out 
wires being held firmly with stiff tweezers or pliers 
to shunt away the damaging effects of heat from the 
iron. In the diagrams Ci is shown displaced for 
clarity and the metal casing appears unconnected 
—although this can be connected to the positive 
supply line at hole "D21" if considered beneficial. 
An Aerial/Earth socket strip may initially be 
connected via flying leads and later fixed to the 
cabinet side. For these leads use blue and yellow 
wires, or any other colours except black or red. 

to hole "G2", solder a similar lead, but with black 
insulation to the tag of Si as indicated in Fig. 4. 
To prevent accidental damage, check with a meter 
set to read 0-10 volts d.c. the polarity of the 1289 
battery terminations, whereupon it should be found 
that the long one represents negative and the short 
one positive.* Label these clearly then fashion a 
pair of clips from brass or tin which will slide over 
the terminations. Keeping them free of the battery, 
solder one each to the red and black flying leads 
already fitted. Fit the positive one to the battery 
then set the testmeter to read O-IOmA and connect 
its negative lead to battery negative. Connect the 
testmeter positive lead to the black flying lead from 
the receiver. 

At switch-on and with one of the transformers 
plugged in approximately 1mA should be indicated; 
if much higher, say 10mA, switch off and investigate 
for a fault. If all is well, careful manipulation of 
the tuning knob and sensitivity controls will enable 
transmissions to be heard immediately the head- 
phones, aerial and earth are connected. VRi should 
be adjusted to maintain the first transistor on the 
brink of oscillation for normal a.m. signals; for 
listening to c.w. it will be found beneficial to allow 
a small amount of oscillation to occur. 

Finally the meter may be removed and a simple 
cabinet constructed. This must have a lid capable 
of being raised in order to allow bandchanging, and 
it should be just deep enough to allow the battery 
to stand upright against the back. It may be held 
m place by a simple clamp or, since the low current 
consumption means that it will rarely be replaced 
even glued in position! 

Completing and Testing the Receiver        
After connecting a flying lead with red insulation —eotSr olarity is normally marked on the seal of a new battery. 
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IN LAST MONTH'S ARTICLE IN THIS SERIES WE 
examined the last of the three important con- 
stants of the valve, this being amplification 

factor, or p.. We saw also the relationship between 

the constants, as is given by |x=gm.ra, gm=— or 
la 

fa———■ We next discussed a method of finding gm 0 

the dynamic voltage gain of a valve under working 
conditions when an anode load is included in the 

circuit, and found that this is equal to JxRL 

i T-* • , ivL-fra where Rl is the anode load. 
We shall now proceed to an alternative method 

of finding voltage gain under dynamic conditions. 

(that is, zero to 500 volts and zero to 3mA respec- 
tively) that we employed in Fig. 331 (b). 

We could start our work on the curve by plotting 
anode voltage for an anode current of 1mA. From 
the Ohm's Law relationship, E=IR, we know that 
a current of 1mA flowing through a 100k 11 resistor 
causes a voltage of 100 to appear across it. Since 
the h.t. voltage is 300 this means that an anode 
current of ImA results in an anode voltage of 200, 
the remaining 100 volts being dropped across the 
anode load resistor. The appropriate plotting point 
on the graph, designated A in Fig. 331 (c), can thus 
be marked in. At 1.5mA anode current there will 
be a voltage drop of 150 volts across the anode load 
resistor, resulting in an anode voltage which is also 
150. This gives us plotting point B in the diagram. 

understanding: 

How to use 

Voltage Amplifier Loadlines 

By W. G. Morley 

o 

The Loadline 
A simple, and accurate, method of finding 

dynamic voltage gain under working conditions 
employs a graphical treatment applied to the 
published laVa curves for the valve. 

Fig. 331 (a) shows a triode voltage amplifier, and 
we shall assume for the purpose of explanation that 
its anode load has a value of lOOkH, and that the 
h.t. voltage applied to the circuit is 300. A set of 
IaVa curves for the triode is shown in Fig. 331 (b). 

When the triode passes anode current, its anode 
voltage must obviously be lower than that at the 
h.t. positive supply terminal because of the voltage 
dropped in the anode load. Indeed, it is the function 
of the anode load to cause a voltage to be dropped, 
thereby enabling an alternating voltage to appear 
at the anode which is an amplified version of the 
alternating voltage applied to the grid. 

Since the anode voltage depends upon the voltage 
dropped across the anode load resistor, it becomes 
possible to draw an anode current-anode voltage 
curve based on this single factor alone. In Fig. 
331 (c) we commence to plot such a curve, and we 
use the same anode voltage and anode current axes 

radio 

'hOC 

0 ^ 

An anode current of 2mA results in a drop of 200 
volts across the anode load resistor and an anode 
voltage of 100. The result is shown as plotting 
point C. 

As we continue this process it soon becomes 
evident that what we are actually doing is making 
plotting points for a straight line. The fact that the 
curve is a straight line is to be expected, when we 
consider the simple direct relationship between the 
voltage dropped across the anode load resistor and 
the anode current (E=IR), because equal changes 
in anode current cause equal changes in the voltage 
across the load and, hence, in anode voltage. 

Since our curve is a straight line, only two plotting 
points are really needed on the graph. All that is 
then required is to draw a straight line through 
these two points and the curve becomes complete. 
Armed with this knowledge we can, further, choose 
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HT + 
300V lOOkn > Anode load 

Output 

Input 

T 

3-5 
-4-5 
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O 

Ia (mA) 

Quiescent 
operating 
point o 

IOO 200 300 400 SOO 
(b) 

.B 

IOO 200 300 400 SOO 
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,Vg=-5 
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vg=-4 //N 9/ / 

la (mA) tPo. 
iv> 

R, =50kn 

figures for the plotting points which are even 
simpler and quicker to find than those we have just 
employed. We now obtain our first plotting point 
by considering the case which exists when anode 
current is zero. If anode current is zero, the voltage 

dropped across the anode load resistor will also be 
zero, whereupon the anode voltage will become the 
same as the h.t. supply voltage. In our present exam- 
ple the h.t. voltage is 300, and we can consequently 
plot point D in Fig. 331 (c). Point D corresponds to 
300 volts on the Va axis, and to zero on the la axis. 
The next step is to find the anode current which 
would flow if the anode voltage were zero. (In 
practice, this would be the current which flowed 
through the anode load resistor if the anode and 
cathode of the valve were short-circuited together). 
Keeping to the figures in our present example, 300 
volts would then appear across the lOOkfl load 

resistor with the result that (from 1=-^-) a current of 
3mA would flow. Thus, zero anode voltage corre- 
sponds to 3mA, anode current, providing us with 
plotting point E in Fig. 331 (c). It will be seen, 
incidentally, that points D and E are directly in line 
with the previously obtained points A, B and C. 

Let us now superimpose the information resulting 
from points D and E of Fig. 331 (c), which apply 
to an anode load of lOOkH and an h.t. voltage of 
300, on to the laVa curves of Fig. 331 (b). This we 
do in Fig. 331 (d). We mark our plotting point D 
and our plotting point E, and we then draw a 
straight line between them. Whatever the grid 
voltage of the valve (and assuming there are no 
components external to the circuit which may alter 
the effective value of the anode load) the anode 
voltage and anode current must lie on the line DE 
because of the presence of the lOOkfl anode load 
resistor and the 300 volt h.t. supply. We can put 
the line DE to good use by observing the anode 
voltages which correspond to different grid voltages. 
Thus, the Vg=—2 curve cuts line DE at point F, 
which corresponds to 205 volts on the Va axis. 
The Vg= —1 curve cuts line DE at point G, which 
corresponds to 160 volts on the Va axis. So, with 
an h.t. voltage of 300 and an anode load of lOOkfl, 
a grid voltage of —2 causes the anode voltage to 
become 205, and a grid voltage of —1 causes the 
anode voltage to become 160. We also learn that 
a change of grid potential of 1 volt (from —2 to — 1) 
results in a change of anode voltage of 45 (from 
205 to 160). The voltage gain with the lOOkO anode 
load resistor is therefore 45. 

In a practical circuit, the valve will require a fixed 
grid bias voltage, and a suitable value may be 
obtained with the aid of a graph such as that of 

Fig. 331 (a). A triode voltage amplifier. Cathode 
bias is assumed 

(fa). A set of laVa curves, as could be given by the 
triode of (o) 

(c). Plotting an anode voltage and anode current 
curve for an anode load of lOOktl and an h.t. voltage 
of 300. The curve turns out to be a straight line 
(d). Line DE, from (c), superimposed on the laVa 
curves of (fa), provides a loadline for an anode load 

of 10Okil and an h.t. voltage of 300 
(e). Loadlines may be drawn for any reasonable anode 
load resistance and h.t. voltage. Two examples are 

shown here 
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Fig. 331 (d). It is usual to have a grid bias voltage 
which causes the anode voltage to lie between about 
0.4 and 0.8 of the h.t. supply voltage. Also, and 
particularly if the alternating voltage applied to the 
grid has a relatively high amplitude, it is desirable 
to ensure that the consequent changes in anode 
voltage are proportional to the changes in grid 
voltage. Otherwise, the alternating voltage at the 
anode will be a distorted version of that applied 
to the grid. Proportional changes in anode voltage 
will occur if there is equal spacing between the 
points where the laVa curves of the valve cut line 
DE. Under the circumstances shown in Fig. 331 (d) 
a grid bias voltage which would satisfy both these 
requirements is -1.5 volts. This cuts the line DE 
at a point corresponding to about 0.6 of the h.t. 
voltage, and changes in grid voltage up to nearly 
1.5 volts in either direction cause changes in anode 
voltage which, by visual inspection, appear to be 
almost exactly proportional. So the valve, if 
operated with —1.5 volts grid bias, could handle 
signals up to 1.5 volts peak, and the corresponding 
amplified signals at the anode should be nearly 
identical in waveform to those at the grid. 

The point where the —1.5 volt laVa curve cuts 
line DE signifies the conditions which exist when 
no signal is applied, and it is identified in Fig. 331 
(d) as the quiescent (i.e. no-signal) operating point. 
We find also that at the quiescent operating point 
the anode-current, drawn from the h.t. supply via 
the anode load, is 1.2mA. 

The line DE, which has enabled us to find out a 
considerable number of facts concerning the 
working operation of the valve, is described as a 
loadline. Loadlines may be conveniently drawn on 
any set of laVa curves and their purpose is to 
specify the anode voltages and anode currents 
which exist for a particular h.t. voltage and a 
particular value of anode load resistor. To draw a 
loadline representing a resistive anode load, all that 
is required is to identify the h.t. voltage on the Va 
axis, and to identify on the la axis the current which 
flows through the load resistor when the full h.t. 
voltage is applied across it. The line joining these 
two points then constitutes the loadline. To provide 
further illustrations, Fig. 331 (e) shows the same set 
of laVa curves with two more loadlines, the first of 
these corresponding to a 50kH load at 150 volts h.t., 
and the second to a 200kti load at 400 volts h.t. 

Fig. 332 (o). In practice, a voltage amplifier will 
normally be followed by a coupling capacitor and grid 

resistor 
(b). The second loadline illustrated here results from 
the presence of the following BOOkfl grid resistor 
(c). Illustrating the fact that loadline slope is 

proportional to load resistance 
(d). A simple method of constructing the loadline of 
(b). Line AB has a slope corresponding to the resistance 
of the anode load and following grid resistor in 
parallel, and the second loadline CD is drawn parallel 
to it. To show the construction more readily, the 

/aVa curves are omitted here 
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The Following Grid Resistor 
The loadlines of Figs. 331 (d) and (e) enable an 

accurate assessment to be made of a valve's per- 
formance as a voltage amplifier under working 
conditions and are very useful for this purpose. 
For approximate work involving voltage amplifiers 
it is reasonably adequate to work to a single anode 
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loadline, as we have done up to now, to ascertain 
the performance of a valve under working conditions. 
However, the leadlines we have considered do not 
take into account the effect of components to which 
the output signal is applied and this factor will next 
be discussed. 

It is usual for a voltage amplifier to be coupled, 
via a capacitor having a low reactance at the signal 
frequencies to be handled, to the grid of a following 
valve. The arrangement is shown in Fig. 332 (a), 
which shows that there is a further resistor in the 
circuit, this being the grid resistor of the second 
valve. So far as alternating voltages are concerned, 
this grid resistor is in parallel with the anode load 
of the first valve, because the coupling capacitor 
offers negligible reactance at the frequencies con- 
cerned and because the source of h.t. voltage will 
have negligible internal impedance. At the same 
time, the grid resistor will have no effect on the 
anode circuit of the preceding valve so far as direct 
voltages are concerned, because it is isolated from 
the preceding anode by the coupling capacitor. 

To obtain a really accurate picture of the manner 
in which a voltage amplifier works we must, there- 
fore, take into account any following grid resistor 
which appears in the circuit. The process is quite 
simple and we can illustrate it with an example 
based on the curves and loadline shown in Fig. 
331 (d). The loadline in Fig. 332 (6) is for an h.t. 
voltage of 300 and an anode load of lOOkH, as 
occurred in Fig. 331 (d), and we will assume that 
the subsequent grid resistor has a value of 500kfl. 

The following grid resistor has no effect on the 
anode voltage so far as direct voltage is concerned 
and so it cannot affect the voltage appearing at the 
anode under quiescent conditions. In consequence, 
the "quiescent operating point" of Fig. 331 (d) 
remains unaltered. When, however, a signal is 
applied to the valve, the coupling capacitor causes 
the following grid resistor to be effectively in 
parallel with the anode load resistor. To find the 
conditions which then hold good, we next draw a 
second loadline through the quiescent operating 
point, this second loadline having a slope which 
corresponds to the resistance given by the anode 
load and following grid resistor in parallel. This 
second loadline is illustrated in Fig. 332 (b), and it 
defines the conditions which exist under dynamic 
conditions when there is a following SOOkH grid 
resistor. Anode current and anode voltages will 
then lie along the second loadline, because the true 
anode load, when a signal is being handled, is given 
by the parallel combination of the anode load and 
the following grid resistor. 

We have, in introducing this second loadline, had 
to jump a step in explanation, since we have stated 
that the new loadline has a certain "slope" without 
describing what that "slope" is or how it is derived. 
A glance at Figs. 331 (d) and (e) will, however, help 
to explain this new concept. In Fig. 331 (d) we have 
a loadline corresponding to an anode load resistor 
of lOOkXi, and in Fig. 331 (e) two leadlines corre- 
sponding to loads of 50kH and 200k fl respectively. 
It can be seen that the slope of the 50kfl loadline 

is greater than the slope of the lOOkfl loadline and 
that the slope of the lOOkfl loadline is, in its turn, 
greater than that of the 200kloadline. If the 
three leadlines were drawn for a single h.t. voltage, 
say 150, we would have the result shown in Fig. 
332 (c). The reason for the different slopes then 
becomes readily apparent. The left hand plotting 
point for the SOkH loadline, along the la axis, is 
3mA, the left hand plotting point for the lOOkfl 
loadline is 1.5mA, and the left hand plotting point 
for the 200kn loadline is 0.75mA. If we were to 
move the right hand plotting point of any of the 
leadlines to a higher h.t. voltage along the Va axis, 
its slope would still remain the same because its 
left hand plotting point on the la axis moves up to 
compensate. The slope of the loadline is, therefore, 
a measure of the resistance of the anode lead. 

A simple construction can be used to draw our 
second loadline of Fig. 332 (b). We could start by 
initially drawing a line corresponding to the slope of 
the parallel combination of the anode load and 
following grid resistor. In our example, these 
components have values of lOOkfi and 500kO 
respectively, with the result that, from the expression 

for two parallel resistors, n
R',R,? their parallel 

Ki 4-K2» 
500 x100 

combination gives us a value of 5oo+loOkt2' which 

is equal to 83.3kf2. A convenient right hand 
plotting point for a line having a slope corresponding 
to 83.3kfl would be 83.3 volts on the Va axis, as is 
given by point A in Fig. 332 (d). Such a point is 
convenient because it enables our left hand plotting 

point along the la axis to be (from I=—i 83,3m A 
R J 83.3 

and saves us the both of dividing by an "awkward" 
figure for R! The left hand plotting point, B in 
Fig. 332 (d), then becomes 1mA. 

We now have a line, AB, whose slope corresponds 
to a resistance of 83.3fl. All we finally have to do 
is to draw a line parallel to it through the quiescent 
operating point to obtain the second loadline. This 
is done in Fig. 332 (d), in which the second loadline 
is the same as that of Fig. 332 (6). The second load- 
line defines the anode voltage and anode current 
conditions for the triode of Fig. 332 (a), when it 
has an h.t. voltage of 300, an anode load of lOOkQ 
and a following grid resistor of 500k and it is 
referred to as the dynamic loadline for these con- 
ditions. (In Fig. 332 {d) the laVa curves of Fig. 
332 (b) are omitted to enable the loadline construc- 
tion to be shown more clearly.) 

The leadlines and loadline construction we have 
described in this month's article apply to voltage 
amplifiers having resistive anode loads and whose 
output is coupled to following grid resistors. We 
have used numerical examples to illustrate the 
manner in which the leadlines may be drawn, but 
it will be apparent that the principles involved can 
be applied to any reasonable values of anode load 
and subsequent grid resistor. In general, the 
procedure to be adopted consists of drawing the 
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anode loadline, as dictated by the h.t. voltage and 
the resistance of the anode load, and of then finding 
the quiescent operating point which sets the optimum 
value for grid bias. To obtain a complete picture 
of valve performance, the dynamic loadline, whose 
slope corresponds to the parallel combination of 
anode load and following grid resistor, is then 
drawn through the quiescent operating point. 
Frequently, the following grid resistor will have a 
value which is three or more times greater than that 
of the anode load, and the dynamic loadline will not 
indicate results which are very different from those 
indicated by the anode loadline. On the other hand 
it can also happen that the points where the laVa 
curves cut the dynamic loadline are not as equally 

spaced as occur with the original anode loadline. 
It may be desirable, then, to alter the values of the 
circuit components or the position of the quiescent 
operating point to obtain best results as prescribed 
by the dynamic loadline. If the quiescent operating 
point is moved, its new position will then correspond 
to a new value of grid bias for the particular voltage 
amplifier under consideration. 

Next Month 
In next month's article we shall pass on to the 

characteristics of practical triode valves, as will be 
encountered by the home constructor, student and 
service engineer. 

Crystal Controlled 

Converter for 21 Mc/s. 

By S. G. WOOD, G5UJ 

IT IS GENERALLY AGREED AMONG AMATEURS THAT 
the crystal controlled converter is undoubtedly 
superior to the older tunable type. This article, 

therefore, may be of interest where the building of 
this particular type of unit is contemplated. The 
converter described is intended for reception on 
the 21 Mc/s band. As will be noted, the circuit 
is singularly straightforward, and the number of 
components needed is comparatively few! 

In the writer's own version, a crystal having a 
frequency of 5725 kc/s was employed, but any 
other frequency in close proximity would do as 
well. The circuit employs a simple triode oscillator, 
V2. A 6J5 was used in the prototype but if miniature 
valves are preferred a 6C4 would answer. 

Mixer 
The mixer valve, V!, was a 6SK7 but, here again, 

V 

Output 
socket 

(G \ Wl 6SK7 3 6J5 

Crystal 

V' 
CoB X R4 

"2 Hc3 

I oHT 
Convcrter 
chassis 

Theoretical circuit of the 21 Mc/s converter. The output socket couples to 
the aerial and earth terminals of the main receiver 
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Components List 

Resistors 
(All resistors i watt 20%) 

R.! 470kn 
Ra IBOa 
R3 47kQ 
R4 lOOkfl 

Capacitors 
Ci 0.01 (xF paper 
C2 50pF variable (air-spaced trimmer) 
C3 0.05fxF paper 
C4 500pF ceramic or silver-mica 
C5 500pF ceramic or silver-mica (see text) 

Inductors 
(Details of inductors are given in the text) 

Li 21 Mc/s tuned coil 
La aerial coupling coil 
L3 Vj anode load 

Valves 
Vi 6SK7 
Va 6J5 

Crystal 
5725 kc/s crystal (see text) 

Sockets, etc. 
2 octal valve holders 
1 coaxial output socket 

an EF80 would work satisfactorily too. The coil, 
Li, consists of 11 turns of 18 s.w.g. enamelled 
copper wire (spaced 16 turns to the inch) on a 
fin former, and is tuned by the small air-spaced 
trimmer Ca. All the remaining components are the 
usual run-of-the-mill type, and the resistors may 
be of i- watt rating. The inductor L3, which forms 
the anode load of the mixer, may consist of a small 
medium wave coil with some 10 to 12 turns removed. 

Everything else is more or less self-explanatory. It 
should be emphasised that the whole unit must be 
carefully wired with the components closely grouped 
together, thus avoiding long leads. 

The aerial may be coupled to Li via La, as shown 
in the circuit. La should consist of 2 to 3 turns of 
18 s.w.g. enamelled copper wire coupled loosely 
to the earthy end of Li. The writer has also obtained 
good results by coupling the aerial directly to the 
upper end of Li via a capacitor having a value of 
5 to lOpF. 

The value specified for Ri (470k£l) may appear 
rather high, but it was found that no appreciable 
advantage was obtained by reducing it. Indeed, 
reduced values in this resistor caused an increase 
in noise level. 

The position of the tickler wire is a matter for 
experiment. It should be found that adequate 
coupling is achieved by hooking the free end of 
this wire around the control grid pin of Vi. The 
tickler wire is, of course, insulated.* 

Power supplies for the converter may be obtained 
from a simple power pack or, if sufficient current is 
available, from the associated receiver. Heater 
consumption is 0.6 amps at 6.3 volts. H.T. voltage 
may be between 175 and 250 volts, h.t. current 
being of the order of 5 to 10mA. 

Results 
With the values and components specified, it 

will be found that the 21 Mc/s band—for which 
the unit is designed—will be tunable around 1.85 
to 1.45 Mc/s on the main receiver. Quite a short 
aerial will suffice, and some really hot Dx can be 
copied when conditions permit. 

This compact and efficient little unit will well 
repay any any time or money spent on its construc- 
tion. 

♦ It should be noted that the oscillator circuit will probably function 
without the grid capacitor C5, the upper terminal of the crystal 
connecting directly to the grid of V2.—Editor. 

SOLDERING 
KIT 

Trade News 

WELLER INSTANT-HEAT SOLDERING IRON 
The Weller instant-heat soldering gun, illustrated herewith, is one of a family of 

soldering instruments which have just been released on the home market. The complete 
kit shown contains the 8100D 120 watt soldering gun, 240V a.c. only, supply of resin cored 
solder, 2 spare soldering bits, brush, spanner and soldering aid—these being vacuum packed 
on polystyrene foam within a handy carrying case. 

This soldering gun has been designed for fast, easy and safe soldering, the finger-tip 
trigger control providing virtually instant heat at the bit. After operating the trigger 
switch the tip is hot within 3-4 seconds and cools, when the trigger is released, within 8 
seconds. The two main benefits deriving from this are (o) waiting time is saved (2-5 minutes 
for larger orthodox irons) and (b) danger from a hot idling iron, remaining switched on by 
virtue of the long warm-up time of conventional irons, is avoided. 

The compact feel and balance of the gun considerably aid precision soldering and we 
particularly liked the prefocused spotlight fitted below the soldering bit, this aiding the 
making of a sound soldered joint in that dark awkward chassis corner which most of us 
experience from time to time. 

Accessory and replacement tips are available for this gun, one type of tip being provided 
for use on plastic and plastic tiles, whilst a further type is for use in repairing plastics, toys 
and damaged woodwork. 

The 8100D soldering gun is available from retailers at 57s. 6d. whilst the kit shown is . 
priced at 72s. 6d. Each soldering gun carries a 12 months' guarantee. Further details may 
be obtained from the manufacturers, Weller Electric Corporation, Blatchford Close, 
Horsham, Sussex. 
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RADIO TOPICS . . . 

by Recorder 

IF YOU ARE PLAGUED WITH INTER- 
mittent faults that cannot be 
hunted down on the work-bench, 

a new product which was introduced 
several months ago may well provide 
the answer to your problem. 

The new product is a chemical 
preparation called "Freeze-It" and 
it is supplied in 8oz aerosol tins 
complete with 6in applicators. The 
applicator is a 6in length of narrow- 
bore plastic tubing which enables the 
contents of the aerosol to be applied 
to components in any piece of 
equipment being checked. 

"Freeze-It" comprises a blend of 
volatile liquids of low boiling point, 
the liquids and their vapours having 
high dielectric strength and being 
virtually non-conducting. They are, 
also, non-toxic and non-inflammable. 
If "Freeze-It" is applied to any 
object, the latter is immediately 
cooled (down to some —50° C) due 
to the heat taken up as the liquids 
evaporate. 

A typical application of "Freeze- 
It" occurs with equipment whose 
faults clear, come on, or otherwise 
alter in nature after warming up. 
The preparation is sprayed on any 
suspected component which will 
then, if faulty, revert to its low 
temperature performance. 

I have checked a sample of 
"Freeze-It" and it really is most 
effective in its cooling action. A 
2-second squirt on the bulb of a 
12in laboratory thermometer brought 
the mercury scuttling down from the 
ambient temperature of 20° C to well 
below the bottom graduation of 
0° C. It is advised that "Freeze-It" 
be sprayed on the suspected com- 
ponent (which in many cases will 
have a lower thermal inertia than 
the bulb of the thermometer I 
checked with) after which one waits 
until a frost appears. One short 
squirt was all that was needed to 
cause the frost to appear almost 
immediately with a small transistor, 
which then became very cold to the 
touch. 

To my mind, "Freeze-It" can be 
a valuable weapon in the service 
engineer's armoury. It is available 
from Servisol Ltd., Coopers Build- 
ings, Church Street, Liverpool 1, and 
the 8oz aerosol, with applicator, 
costs 12s. 6d. 

Pink Boxes 
In our present age of computers 

and automation, we are gradually 
approaching the stage where the 
black box reigns supreme. And, of 
course, I hardly need to tell you that, 
in this context, a black box is any 
complex electronic device whose 
function is to provide computer or 
automatic control of an involved 
industrial process. 

The Central Electricity Generating 
Board is currently investigating the 
possibility of using black boxes to 
control power station start-up and 
grid switching, and I was intrigued 
recently to hear that some of their 
engineers talk of their black boxes 
as being the successor to pink boxes. 
Pink boxes, I should hasten to add, 
are men. 

Something To Guard Against 
Beware of the door-to-door sales- 

man who has subscriptions to 
journals to sell. A letter we have 
received from one of our regular 
contributors describes the sort of 
thing one has to be on guard against. 
I quote from the letter. 

"I would take the opportunity of 
mentioning a most underhand form 
of salesmanship with respect to 
journals (including some electronics 
journals) so that you can consider 
the possibility of warning readers in 
your pages. I recently answered a 
knock on our door to find an 
apparently friendly young man who 
told me a long tale about being 
engaged on a world travel com- 
petition and that a neighbour of ours 
(whose name he mentioned) had 
suggested I might be able to assist 
him. During a somewhat vague 
conversation, which lasted about 
half an hour, I initially gathered that 
he was asking me to award him some 
marks for his friendliness in conver- 
sation, etc. He even produced a 
one-dollar note (and said he intended 
to win another 999 of them to enable 
him to travel) and some 'document' 
which he said would prove his 
authenticity. Eventually it came out 
that to award him 'marks' in the 
competition, I would have to take 
one or more journals (at a slightly 
reduced rate). Earlier he had asked 
me about my interests in an 
apparently friendly way, so the 

journals he suggested were elec- 
tronics ones. Immediately I told 
him I was not interested in taking 
other journals and that I deplored 
such methods of underhand sales- 
manship and time wasting, his 
politeness declined somewhat and he 
left immediately. I later found that 
the neighbour whose name he had 
mentioned had not, in fact, sent him 
to me. The two electronics journals 
were American, but I am not sure 
whether the others on his list were 
American. I do feel that you would 
be doing readers a service if you 
could warn them of the real object 
of these people." 

Switch-Off Reminder 
A minor snag with transistor 

radios is that their quiet output at 
low volume settings occasionally 
results in their being left switched on 
for quite considerable periods of 
time. What happens is that one 
occasionally neglects to turn the 
volume control down sufficiently far 
to actually switch the set off, with 
the result that the receiver continues 
to draw current from its battery 
without giving any audible indication 
that it is doing so. 

We have published two articles in 
the past which discuss methods of 
overcoming this problem, these being 
"2mA Indicating Lamp for Tran- 
sistor Radios" by R. M. Marston in 
the March 1964 issue, and "Switch- 
Off Indicator for Transistor Radios" 
by G. A. French in the November 
1964 issue. A reader, Malcolm Hill 
of Newcastle-upon-Tyne, has now 
sent us details of an alternative 
approach. And a very simple 
approach it is, too! 

Mr. Hill states that his scheme is 
even more effective than the previous 
ones—after all, one may not happen 
to glance at a lamp until too late 
—and requires only one solitary 
resistor. 

"The idea", continues Mr. Hill, 
"is to prevent the radio being turned 
all the way down unless switched 
off. When the knob is turned right 
down, the sound remains very 
quietly there—just loud enough to 
draw attention to the fact that the 
set has been left on, but quieter than 
needed for 'personal' listening. 

"A resistor of about 3300 is 
inserted in the bottom end of the 
volume control which would nor- 
mally go direct to the positive supply 
line or a similar earthy point. The 
resistor may be soldered directly to 
the right-hand tag (viewed from the 
front with tags upwards) after 
removing the wire which formerly 
was connected to the tag. The wire 
is now connected to the free end of 
the resistor. 
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% Volume control 

Insert new resistor 
here 

X 
Positive 

    supply 
line 

Adding a resistor to the volume 
control circuit of a 
transistor radio ensures that a 
low level signal is heard even 
with the control turned right 
down. See "Switch-Off 

Reminder" 

"The optimum value for the 
resistor is that which gives about 
26dB (t/ao) reduction in sound volume 
compared to normal listening level. 
For sets which need to be turned 
almost all of the way up for normal 
listening level, a resistor of about Vso 
of the volume control resistance 
works very well. 

"More sensitive sets which are 
usually turned only a fraction of the 
way up will require proportionately 
less. 

"As mentioned before, 3300 
seems to be about right for the 
radios which I have modified, but 
it's not in the least critical and the 
reader should remember that a 50% 
increase or decrease in resistor value 
gives a change in sound level only 
just noticeable to most people. It 
is rather pointless therefore to alter 

the value in steps of less than this.' 
The simple circuit involved is 

shown in the accompanying diagram. 
And they don't come much simpler 
than that! 

January Again 
When you read these notes 1965 

should just have expired, leaving the 
stage to 1966. I have little doubt that 
the New Year will mark the appear- 
ance of even further important 
developments in this fascinating 
world of electronics. Our forward 
planning at The Radio Constructor 
already extends quite a way into the 
year, and I can assure you that we 
have plenty of interesting and really 
exciting projects lined up for your 
pleasure. 

Happy New Year! 

An Improved Room Tiiermostot 

By W. H. REYNOLDS 

The popularity of small-bore central heating increases as its advantages become more generally 
known, and our contributor describes how he improved the performance of his own installation by 
incorporating an inexpensive thermostat with a simple auxiliary heater. Readers wishing to try 
the additional thermostat circuit should first of all ensure that it is suitable for use with their 

own particular heating systems 

There have been several articles recently 
in do-it-yourself journals concerning thermo- 
stats, but not very much information about 

the temperature differentials one can expect from 
them. The writer's central heating system had no 
room thermostat fitted, and the room temperature 
was controlled by the setting of the thermostat on 
the boiler, which also supplied the hot water 
system. This was by no means an ideal arrangement, 
because if the accelerator pump ran continuously 
at a setting suitable for hot water (150 to 160oF) 
then the rooms became overheated during mild 
spells. One had either to operate with low tempera- 
ture or run around altering radiator valves with 
changes of the weather. 

Thermostat Differential 
Thinking to overcome these difficulties, a cheap 

thermostat was obtained and its differential checked. 
This seemed to be about 30F. However, when it 
was wired in series with the electric supply to the 
accelerator pump motor, conditions in the rooms 
were not ideal. The family complained of the cold, 
although the thermometer showed a drop of only 
2°F at times. On the heating cycle, when the 
thermostat eventually cut out after about 2 hours 
of heating, the room felt just right. Before it cut 

in again, 1 -j- hours later, the room felt decidedly 
chilly. A more sensitive thermometer was used but 
this only confirmed that the room varied between 
65 and 680F. 

A little investigation showed that the discomfort 
came not from the marginally lower ambient 
temperature, but from the loss of radiation from 
the radiators. If one sat near a radiator, and it was 
difficult not to, then one grew accustomed to its 
surface temperature and felt nice and warm. If the 
radiator no longer radiated heat, one felt cold. 

There seemed to be two alternatives, these 
consisting either of obtaining a more expensive 
thermostat with a differential of about 0.5oF, or of 
making the cheap one cut in and out more quickly. 
Research revealed that some commercial room 
thermostats use an auxiliary heater to do just this; 
and they work in the following manner. 

The temperature sensitive element is enclosed in 
a small box with a small heater. Starting from the 
moment the boiler is lit, the room is cold and the 
thermostat box is at the same temperature. The 
accelerator pump starts pumping first warm, then 
hot water round the radiator circuit and, at the 
same time, the auxiliary heater starts heating up the 
air in the box. The time taken for the box and 
thermostat to reach the cut out point depends on: 
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(a) the rate at which heat is provided by the heater, 
(b) the rate at which heat is lost by the box into 

the colder room. 
The size of the heater is carefully chosen so that, 

under these first heating conditions, the thermostat 
cuts out after about 30 minutes. With the hot water 
circulation stopped by the stoppage of the pump, 
and with no heater inside the box, the temperature 
sensing device and its box now loses heat into the 
cooler room until the contacts close again. Now 
the room is warmer than it was at the start and of 
course the box is too, so that the, auxiliary heater 
has less work to do to warm the box up to cut out 
temperature and the loss of heat to the room is also 
less. The factors combine to allow the contacts to 
open sooner than they did at the first heating. 
When the contacts open, the warmer room and 
warmer box and even lower radiation losses ensure 
that the contacts stay open longer. Thus the cycles 
are repeated with shorter heating times and longer 
cooling times until an equilibrium position is 
reached when the contacts are open and closed for 
approximately the same periods of time, say about 
10 minutes each. This speedy operation keeps the 
surface temperature of the radiators almost constant 
and the body feels comfortable. 

Thermostat contacts 

Live - 

To pump - 

Neutral - 

Earth - 

T Cl y O-OlpF 350V AC wkg. 
R2 lOOn.'/Zw 

. Rj $ 
£ 39kn f 

5w 

R3 azokn.tew 

I Neon Nj 

(a) 

Neon 

Thermostat 

(b) 
Fig. 1 (o). The circuit of the thermostat with its 
auxiliary heater. The latter consists of resistor Rj 
(b). The layout of components inside the thermostat 

box 

75 

65 
Room 

temperature 
(0F) 55 

45 

Cut out Cut out 

Cut in 

12 3 4 
Hours running from cold 

Pump on Pump off Pump on 

(a) 

65 
Room 

temperature 
(0F) 55 

Cut out at 
peaks 

Cut in at 
troughs 

Ol 2 3 4 5 6 
Hours running from cold 

T-^ZZI yl I CZD C3 CD I 1 CZD tZD CD CD 
\ \ Pump on Pump off 

(b) 

Fig. 2 (a). The results obtained with the original room 
thermostat having a differential of 3° F 

(fa). Adding the auxiliary heater to the thermostat 
afforded a considerable reduction in the on and off 

periods, giving the results shown here 

Practical Results 
To put this idea in practice, a small box was 

obtained and the thermostat mounted in it. The 
circuit shown in Fig. 1 (a) was connected up. Rj is 
the auxiliary heater in parallel with the pump motor, 
whilst R2 and Q are for suppressing any electrical 
interference. A small neon fed by R3 was used to 
check on the operation of the thermostat, and to 
time the periods of heating and cooling. 

The most suitable value of resistor for Ri was 
found to be 39kn. A vitreous 5 watt resistor was 
used. The unit was mounted on a wall in a position 
where it was affected by the temperature of the 
rooms downstairs, and has now been working for 
several months with complete success. The total 
cost was 16s., and apart from better temperature 
conditions in the rooms, there should be a lower 
fuel bill because of the more economical running 
of the boiler and pump. 

Fig. 2 shows the results obtained before and after 
the auxiliary heater was added to the room 
thermostat. 

Although the unit was for a room thermostat in 
a hot water heating system, the same principles can 
be applied to any application where rapid operation 
of a thermostat is required. 

JANUARY 1966 391 

www.americanradiohistory.com



IntrododniitlK 

W Reitiver 

The eddystone "EB35" broad- 
cast Receiver is a fully tran- 
sistorised model of compact 

dimensions and operating from an 
internal battery power unit. It is a 
versatile receiver giving coverage 
on the long wave band, the medium 
wave band, the majority of the 
short wave bands, and the interna- 
tional v.h.f./f.m. range of 88 Mc/s 
to 108 Mc/s, with a high perfor- 
mance throughout. 

Features standard to Eddystone 
receivers are incorporated. The 
flywheel-loaded tuning knob controls 
a finely engineered gear drive with a 
reduction ratio of 110 to 1, resulting 
in smooth, precise tuning. The main 
scales occupy a length of 9in and 
are clearly marked directly in 
frequency. Tuning to a given 
frequency is a comparatively simple 
matter and a useful additional 
feature is the provision of a logging 
scale to permit settings of preferred 
stations to be recorded for future 
rpfprprt pp 

The versatility of the "EB35" 
extends further than the wide range 
of frequencies covered. A socket 
is provided from which the signal 
can be fed to a high fidelity amplifier 
and the receiver can thus be used 
as a tuner unit in conjunction with a 
"hi-fi" system, still retaining the 
advantage of having a large number 
of stations from which to choose. 
The same socket serves when it is 
desired to use a tape recorder. A 
second socket enables the audio 
frequency stages of the receiver 
to be used as an amplifier with a 
record player. 

An internal speaker is fitted and 
the headphone jack on the panel 
can be used either with a pair 

of low impedance headphones (pre- 
ferably of the high quality type) 
or with a large external speaker. 

Power is normally derived from 
a battery of U2 type cells housed 
in a detachable compartment. An 
alternative unit (Cat. No. 924), 
operating direct from a.c. mains 
and providing the correct voltage 
and current, is available separately 
and is readily interchangeable with 
the battery unit. 

The "EB35" receiver is housed 
in a metal cabinet, and, with robust 
construction throughout, it will 
stand up to hard usage over a long 
period with a high degree of re- 
liability. Chromium-plated handles 
are fitted and the finish is an attrac- 
tive combination of dark green 
and beige. The receiver is suitable 
for use in all parts of the world. 

General Information 
Frequency Coverage 
Range 1 8.5 Mc/s to 22 Mc/s. 
Range 2 3.5 Mc/s to 8.5 Mc/s. 
Range 3 1.5 Mc/s to 3.5 Mc/s. 
Range 4 550 kc/s to 1,500 kc/s. 
Range 5 150 kc/s to 350 kc/s. 
VHF/FM 88 Mc/s to 108 Mc/s. 

Tuning System 
The scales are horizontal, oc- 

cupying a length of approximately 
nine inches. Frequencies are clearly 
marked to a calibration accuracy 
within 1 %. The tuning control is 
flywheel-loaded and operates a gear 
drive with a reduction ratio of 
110 to 1. A logging scale and 
auxiliary vernier allow dial settings 
to be recorded. 

Controls 
Six conveniently placed and clearly 

marked controls as follows: 
on/off switch; volume; tone; wave- 
change; tuning; dial lights. 

Circuitry 
A total of thirteen transistors, 

five diodes and a Zener stabiliser is 
used. A radio frequency amplifier 
is effective on all frequencies, leading 
to high sensitivity. The discriminator 
is of the Foster-Seeley type, for 
minimum distortion of the FM 
signal. 

Power Supply 
Power is derived from a battery 

of six U2 type cells, housed in a 
separate compartment and readily 
detachable. Voltage stabilisation, 
where required, is achieved with a 
Zener diode, which feature leads to 
a constant performance up to the 
end of the useful life of the battery. 

Special Features 
Two sockets are provided at the 

rear. One is for taking a signal 
from the detector stage, at moderate 
impedance, for feeding into either 
an external amplifier or into a 
tape recorder. The second socket 
accepts a signal from a record 
player and, with a plug inserted, 
the earlier stages of the receiver are 
muted. 

Dial lamps are provided for 
occasional use, the switch being of 
the self-return type, to avoid un- 
necessary drain on the battery. 

Dimensions and Weight 
Height 6|in (16.2 cm) 
Width 12 2 in (31.7 cm) 
Depth 8 in (20.3 cm) 
Weight (less battery) is 12|lb 
(5.8kg.) with battery 141b (6.3kg) 
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Technical Performance Figures 
The following figures are provided 

for those wishing to have full 
technical information on the per- 
formance of the "EB35" receiver. 
In plain language, it can be taken 
that the receiver has high sensitivity 
and is designed to give good separa- 
tion between stations transmitting 
on adjacent channels. The audio 
output is ample for the majority 
of domestic requirements and is 
of good tonal quality. When 
desired, a larger cabinet type of 
speaker (of 10n nominal impedance) 
can be used, the lead being plugged 
into the socket on the front panel. 

To allow the receiver to make 
the most of the incoming signal, 
an outdoor aerial (not necessarily 
long), erected in the clear, is recom- 
mended, and this will help also the 
level of local electrical interference. 
On v.h.f./f.m., an aerial designed 
for reception on these frequencies 
should be used. 

Sensitivity 
For 15dB signal-to-noise ratio. 

sensitivity is better than 5 microvolts 
on ranges 1 to 3, and better than 
15 microvolts on ranges 4 and 5. 
On v.h.f./f.m., sensitivity is 20 
microvolts at 22.5 kc/s deviation 
for a 20dB signal-to-noise ratio. 

Selectivity 
On ranges 1 to 5, the bandwidth 

is 5 kc/s at the 6dB points and 
25 kc/s at the 40dB points. F.M. 
band width is 250 kc/s at the 6dB 
points. 

Spurious Responses 
The image rejection is approxi- 

mately 50dB at 2 Mc/s and 15dB 
at 18 Mc/s. Breakthrough at the 
i.f. of 465 kc/s is at least 85dB down 
on ranges 1 to 3 and greater than 
65dB down on ranges 4 and 5. 

On the v.h.f./f.m. range, the 
image ratio is better than 25dB. 
and i.f. breakthrough better than 
50dB. 

Audio Output 
The maximum output approaches 

750 milliwatts. A Sin speaker is 

built-in and a jack on the panel 
is for use with 'low impedance 
headphones. Frequency response 
is level within 6dB over the range 
100 to 10,000 cycles. 

Aerial Input Impedances 
On ranges 1 to 3, the input 

impedance is nominally 750, balan- 
ced or unbalanced, to allow the 
use of a dipole or single wire aerial. 
On ranges 4 and 5 the input im- 
pedance is nominally 4000. 

A standard unbalanced coaxial 
socket, with a nominal impedance 
of 750, is provided for connection 
of the feeder from a v.h.f. aerial 
for f.m. reception. 

A comprehensive instruction man- 
ual is supplied with the receiver 
together with a 12 months guarantee 
against faulty workmanship or com- 
ponents (excluding semiconductors). 
Fist price of the EB35 receiver in 
the U.K. is £71 5s. Od. (purchase 
tax included) and the a.c. supply 
unit (Cat. No. 924) £5 0s. Od. 

Recent Publications . . . 

TECHNICAL TOPICS FOR THE RADIO AMATEUR. By Pat Hawker, G3VA. 104 pages, 7\ x 9iin. 
Published by Radio Society of Great Britain. Price 10s. 

This well-produced book is, in the main, a collection of circuits and data which have previously appeared in the 
RSG6 Bulletin under the title of "Technical Topics" during the period 1958-1965. 

The book has been logically arranged in sections: Semiconductors; Components and Construction; Receiver Topics, 
Oscillator Topics; Transmitter Topics; Audio and Modulation; Power Supplies; Aerial Topics; and Fault Finding and 
Test Units, the whole being liberally illustrated with some 237 circuits and line diagrams. 

For those interested in obtaining a permanent record of interesting new ideas and circuits, many of which may be 
incorporated in existing equipment, this book will undoubtedly find an almost permanent place on the workbench 
—hardly ever on the bookshelf! 

RSGB AMATEUR RADIO CALL BOOK 1966 EDITION. Compiled by John Clarricoats, O.B.E., G6CL. 96 
pages, 7i x 9jin. Published by Radio Society of Great Britain. Price 6s. 

This latest edition of the RSGB Amateur Radio Call Book records the many changes that have taken place since the 
1965 edition was published; more than 1,000 new callsigns being listed. Of these additions, 800 are in the G3AAA 
series and 225 in the G8AAA series. In addition, calls in the new G6AAA/T series are also listed. The G8AAA series 
are issued to holders of the new Amateur (Sound) Licence B, this authorising the use of phone only on frequencies above 
420 Mc/s and does not require the licensee to possess a knowledge of the Morse Code. The G6AAA/T series are issued 
to holders of the Amateur (Television) Licence and replace the old-type /T calls. 

In addition to listing the new calls, the 1966 edition also records well over 1,500 changes of address that have 
occurred during the year. 

HAM ANTENNA CONSTRUCTION PROJECTS. By J. A. Stanley. 160 pages. SJ x 8fin. Published by 
Foulsham-Sams Technical Books. Price 24s. 

Most of the books dealing with amateur transmitting aerials read so far, deal thoroughly with the theory of antenna 
radiation, and in some cases give good ideas on the constructional side, but most leave the reader with a sort of hiatus 
between theory and practice. 

The present title, however, takes the reader gently through elementary theory to its application in practical aerial 
systems, with plenty of contructional information to help the inexperienced. The book commences with the most 
elementary type of transmitting aerial for the lower frequency bands, viz., a dipole for 80 metres, and concludes with 
v.h.f. aerials and special purpose antennas for the Dx enthusiast. Full constructional details are given for all the aerials 
and their tuning units, throughout the book. 

Whilst originally written for the American radio amateur, this book is equally of value to the British reader, as is 
explained in the foreword by W. Oliver, G3XT. 

This book makes an excellent introduction to the often bewildering field of antenna construction for the transmitting 
radio amateur. Any beginner who works through the projects detailed in this volume will learn a great deal about 
transmitting aerials and should have a most interesting and instructive time on the air. 
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JmteuiTpIdio 
CHAS. H. YOUNG LTD. 

MIDLAND AGENTS 

FOR 

* EDDYSTONE 

RECEIVERS & COMPONENTS 

* NATIONAL 

RECEIVERS & TRANSCEIVERS 

* GREEN & DAVIS EQUIPMENT 

* KW EQUIPMENT 

* MOSLEY AERIALS 

* WITHERS 

* H.P. FACILITIES AVAILABLE 

* PART EXCHANGES 

AERIAL 
EQUIPMENT 

TWIN FEEDER. 300 ohm twin 
ribbon feeder similar K25. 6d. per 
yard. 75 ohm twin feeder, 6d. per 
yard. Post on above feeders and 
cable, 2/- any length. 
COPPER WIRE, 14G, H/D, 140ft. 
22/6; 70ft, 11/6. Post and packing 3/3. 
Other lengths pro rata. 
FEEDER SPREADERS. 6" Ceramic 
type F.S., lOd. each. Postage 2/6 
up to 12. 
CERAMIC CENTRE PIECE for 
dipoles, Type AT, 1/6 each. P. & P. 1 /-, 
2 METRE BEAM, 5 ELEMENT 
W.S. YAGI. Complete in box 
with 1" to 2^" masthead bracket. 
Price 49/-. P. & P. 4/-. 
SUPER AERAXIAL, 70/80 ohm 
coax, 300 watt very low loss, 1/8 per 
yard. 50 ohm 300 watt, 1/9 per yard. 
P. & P. 2/6. 
TOUGH POLYTHENE LINE, 
type MLI (1001b), 2d. per yd. or 
12/6 per 100 yds. Type ML2 (220lb), 
4d. per yd. or 25/- per 100 yds., ML4 
(4001b), 6d. per yd. Ideal for Guys, 
L.W. Supports, Halyards, etc. Post- 
age 1/6 on all line. 

ABSORPTION WAVEMETERS. 3.00 to 35.00 Mc/s in 3 Switched 
Bands. 3.5, 7, 14, 21 and 28 Mc/s. 
Ham Bands marked on scale. Com- 
plete with indicator bulb. A MUST 
for any Ham Shack. ONLY 25/- 
EACH. Post free. 
BANDCHECKER MONITOR. 3.00-35.00 Mc/s in 3 switched Bands. 
0—1 mA Indicator. Monitor Socket. 
Very sensitive, £3.13.6. P. & P. 3/-. 
VARIABLE CONDENSERS. All 
brass with ceramic end plates and 
ball race bearings. 50pF, 5/9; 100, 6/6; 
160, 7/6; 240, 8/6; and 300pF. 9/6. 
Extension for ganging. P. & P. 2/-. 
RACK MOUNTING PANELS: 
19" X sr. 7". sr. or 10r. black 
crackle finish, 5/9, 6/6, 7/6, 9/- 
respectively. P. & P. 3/-. 
GELOSO VFO UNITS. 4/102 with new dial and escutcheon. Outputs on 
80. 40. 20. 15 and 10. For 2-807 or 
6146 Tubes. Only £8.15.0, 3 valves 
to suit, 24/-. ALL POST FREE. 
30 WATT MOD. TRANS. 2x 
807 mod. to 807 R.F. Few only, 18/6 
each. P. & P. 3/6. 
2 METRE BEAM, 5 ELEMENT 
W.S. YAGI. Complete in box with 
1" to 2r masthead bracket. Price 
49/-. P. & P. 4/-. 

CHAS. H. YOUNG LTD 
170-172 Corporation St., Birmingham 4 
Please print your address. No C.O.D. under £1. 'phone CEN 1635 

 SMALL ADVERTISEMENTS  
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London, W.9 
Please insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

16 words at 9d. 

= 12/- 

ALL WORDING 
IN 

BLOCK LETTERS 

PLEASE 

I enclose remittance of being payment at 9d. a word. MINIMUM 12/-. 
Box Number, if required, 2/- extra. 

NAME  
ADDRESS    

Copy to be received four weeks prior to publication. Published on the 1st of every month 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/- 

Box No. 2/- extra. 

Advertisements must be prepaid and alt copy must 
be received by the 4th of the month for insertion 
in the following month's issue. The Publishers 
cannot be held liable in any way for printing errors 
or omissions, nor can they accept responsibility for 
the bona fides of advertisers. (Replies to Box 
numbers should be addressed to: Box No. , The 
Radio Constructor, 57 Maida Vale, London, W.9.) 

THE INCORPORATED PRACTITIONERS IN 
RADIO AND ELECTRONICS (I.P.R.E.) LTD. 
Membershrp conditions booklet Is. Sample copy of 
I.P.R.E. Official Journal 2s. post free.—Secretary, 
Dept. D, 32 Kidmore Road, Caversham, Reading, 
Berkshire. 

SERVICE SHEETS, 1925-1965. From Is. Catalogue 
6,000 models. Is. 6d. S.A.E. enquiries.—Hamilton 
Radio, 13 Western Road, St. Leonards, Sussex. 

HAMMERITE hammer pattern brush paint, for panels 
and boxes, gives a perfect pattern in only 10 sec. 
Just brush it on! 
Colours: Blue, silver or metallic black. 

2i oz. tins 3s. 6d. i gallon 35s.* 
i Pint 7s. 6d. 1 gallon 58s.* 
1 pint 15s. (* sent by road). 

Carriage: Orders up to 5s., 9d.; up to 10s., Is. 9d.; 
over 10s., 2s. 9d. 

Return of post service Monday to Friday. 
From your component shop, or direct from the 
manufacturer: FINNIGAN SPECIALITY PAINTS, 
(RC), Mickley Square, Stocksfield, Northumberland. 
Telephone: Stocksfield 2280. 

GOVERNMENT SURPLUS electrical and radio 
equipment. Our new catalogue No. 16 ready now, 
2s. 6d. post free, cost refunded on purchase of goods 
over £2.—Arthur Sallis Radio Control Ltd., 93 
North Road, Brighton, Sussex. 

FOR SALE. Oscilloscopes—Galvanometers—Evershed 
& Vignolles Meggers. Also other items and com- 
ponents. Free list. Stamp please.—R. & E. Mart, 
Box 9 G.P.O., Tunbridge Wells, Kent. 

FOR SALE, Genuine Mullard BY100 and resistor 6s 
Also BVA, EF80, ECC8], EBF89, etc., 5s. Lists 
free—Messrs. E. A. Johnson, 12 Pank Avenue, New 
Bamet, Herts. Mail only. 

SPEED SERVICING with a stage substitution analyser 
made from surplus 2 band T.V. receiver. Descriptive 
leaflet. Diagrams 5s. 6d. inc. postage.—Moore, 40 
Carleton Road, Higher Poynton, Cheshire. 

STEREO RECORDS FOR SALE, Marches from 
Operas, AF.FCS 50008; Bob Sharpies and His Music, 
Decca SKL 4110; Tchaikovsky in Phase Four, Decca 
PFS 4044. All unblemished at 15s. each.—Box 
No. F246. 

YOUR KITS EXPERTLY BUILT. Mains and battery 
radios of every description. S.A.E. enquiries.— 
Thomas, 106 Wynnville, Ruabon, Wrexham. 

continued on page 397 

BENTLEY ACOUSTIC 
CORPORATION LTD 
38 CHALCOT ROAD CHALK FARM LONDON NW1 

Telephone PRIMROSE 9090 THE VALVE SPECIALISTS 
IL4 2/3 6/30L2 IRS 41- I0CI IS4 si- I0C2 IS5 3/3 I0FI IT4 2/3 I0FI8 2D2I 51- I0LDI 1 3D6 3/9 I0PI3 3Q4 5/3 I0PI4 3Q5 6/9 I2AH8 3S4 4/9 12 ATS 3V4 5/- I2AU6 5Y3GT 4/9 I2AV6 5Z4 7/6 I2BA6 6AQ5 5/9 I2BE6 6AT6 3/6 I2BH7 6AU6 5/9 I9AQ5 6AV6 5/6 20DI 6BA6 4/6 20F2 6BE6 4/3 20LI 6BH6 5/3 20PI 6BJ6 5/6 20P3 6BQ7A 7/6 20 P4 6BR7 12/- 20P5 6BW6 7/6 30CI5 6CD6G 18/- 30CI7 6CH6 6/6 30CI8 6FI 9/6 30F5 6J7G 4/6 30FLI 6K7G 1/3 30LI5 6K8G 3/3 30LI7 6LI 10/- 30PI2 6L6GT 7/3 30PI9 6LI8 10/- 30PLI 6LD20 6/6 30PLI3 6Q7G 4/3 30PLI4 6SL7 4/9 30PLI5 6SN7 4/6 35W4 6V6G 3/6 85A2 6X4 3/9 5763 6X5 5/3 AZ3I 

8/9 9/9 12/- 10/- 9/9 9/6 12/ 11/6 10/9 4/6 5/9 5/9 5/3 4/9 6/- 7/3 10/- 11/6 12/ 12/6 12/- 13/ 1/6 10/- 11/9 9/3 7/3 9/3 10/3 11/6 7/6 12/- 9/6 10/6 11/3 9/6 4/6 6/6 7/6 9/6 

DAF96 6/- PF96 6/- DK92 DK96 DL96 DM70 DY86 DY87 E88CC 13/6 EABC80 5/9 EAF42 7/9 EB9I EBC33 EBC4I EBC8I EBF80 EBF83 EBF89 EBL2I EC92 ECC8I ECC82 4/6 ECC83 4/6 ECC84 - ECC85 ECC88 ECCI89 11/6 ECF80 7/3 ECF82 6/3 ECF86 10/- ECH2I 10/- ECH35 6/- ECH42 8/- ECH8I 5/9 ECH83 6/6 ECH84 9/6 ECL80 5/9 ECL82 ECL83 ECL86 

8/- 6/6 6/- 5/- C/6 7/6 

2/3 6/- 6/6 6/3 5/9 7/3 5/9 10/3 6/6 3/6 

5/6 5/9 8/9 

6/6 8/9 8/- 

EF37A 71- EF4I 6/6 EF80 4/3 EF83 9/9 EF85 4/6 EF86 6/6 EF89 4/3 EF9I 3/- EF92 2/6 EF97 10/- EF98 9/9 EFI83 7/3 EFI84 6/6 EL33 6/6 EL36 8/9 EL4I 71- EL42 7/9 EL83 6/9 EL84 4/6 EL85 7/6 EL86 7/3 EL95 5/- ELL80 13/6 EM34 11/6 EM7I 15/6 EM80 6/3 EM8I 71- EM84 6/- EM85 8/9 EM87 7/6 EY5I 5/6 EY8I 7/3 EY83 9/3 EY84 9/6 EY86 5/6 EY88 8/9 EZ40 5/6 EZ4I 6/3 EZ80 3/9 EZ8I 4/3 

HABC80 9/3 KT66 12/3 N339 25/- PABC80 6/9 PC86 9/9 PC88 PC95 PC97 PCC84 PCC85 PCC88 10/6 PCC89 11/6 PCCI89 10/- PCF80 6/6 PCF82 PCF84 PCF86 PCF801 9/9 PCF802 10/- PCL82 6/6 PCL83 PCL84 PCL85 PCL86 PEN45 PL36 

9/- 6/9 6/9 5/6 6/9 

6/- 8/6 8/3 

PL38 PL8I PL82 PL83 PL84 PM84 PY33 PY80 PY8 I PY82 PY83 PY88 PY800 PY80I 

9/6 7/6 8/6 8/9 7/- 9/- 16/ 6/9 5/3 6/- 6/3 9/3 8/9 4/9 5/- 4/9 5/6 7/3 5/9 7/6 

U25 U26 U31 UI9I U282 U30I U329 U404 U801 

8/6 7/6 6/6 9/6 12/3 II/- 9/- 6/- 15/- 

6/3 6/3 5/6 6/3 

UABC80 5/6 UAF42 6/9 UBC4I UBC8I UBF80 UBF89 UBL2I 10/9 UC92 6/3 UCC84 8/- UCC85 6/6 UCF80 8/3 UCH2I 8/- UCH42 8/- UCH8I 6/6 UCL82 7/3 UCL83 UF41 UF42 UF80 UF85 UF86 UF89 UL41 UL84 UM80 UY2I UY4I UY85 VP4B X4I X78 

9/3 6/9 4/9 6/3 6/9 9/- 5/6 7/- 5/6 8/3 9/- 5/- 4/9 12/- 10/- 26/2 
Terms of business: Cash with order only. No C.O.D. Post/packing 6d. per item. Orders over £5 post free. All orders despatched same day. Complete catalogue including transistor section and components with terms of business 
\a/ y parce' ""ured against damage in transit for 6d. extra. We are open for personal shoppers 9 a.m.-5 p.m. Saturdays 9 a.m.-l p.m. 

JACKSON 
the big name in PRECISION components 

Precision built radio components are an 
important contribution to the radio and 
communications industry. 

SL 16 

DRIVE 

A general purpose slide rule Drive for F.M./V.H.F. 
Units, short-wave converters, etc. Printed in two 
colours on aluminium, with a 0-100 scale and provision 
is made for individual calibrations. Complete with 
bronze escutcheon and glass. IS/-. 

It's reliable if it's made by Jackson! 
MADE IN ENGLAND 

JACKSON BROS. (LONDON) LTD. 
Dept. R.C., Kingsway-Waddon, Croydon, Surrey 

Telephone Croydon 2754-5 
Telegrams Walfilco, Souphone, London 
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J^matpuT^DIO 
CHAS. H. YOUNG LTD. 

MIDLAND AGENTS 

FOR 

* EDDYSTONE 

RECEIVERS & COMPONENTS 

* NATIONAL 

RECEIVERS & TRANSCEIVERS 

* GREEN & DAVIS EQUIPMENT 

* KW EQUIPMENT 

* MOSLEY AERIALS 

* WITHERS 

* H.P. FACILITIES AVAILABLE 

* PART EXCHANGES 

AERIAL 
EQUIPMENT 

TWIN FEEDER. 300 ohm twin 
ribbon feeder similar K25, 6d. per 
yard. 75 ohm twin feeder, 6d. per 
yard. Post on above feeders and 
cable, 2/- any length. 
COPPER WIRE, 14G, H/D, 140ft. 
22/6; 70ft, 11/6. Post and packing 3/3. 
Other lengths pro rata. 
FEEDER SPREADERS. 6" Ceramic 
type F.S., lOd. each. Postage 2/6 
up to 12. 
CERAMIC CENTRE PIECE for 
dipoles. Type AT, 1/6 each. P. & P. 1 /-. 
2 METRE BEAM, 5 ELEMENT 
W.S. YAGI. Complete in box 
with 1" to 2i// masthead bracket. 
Price 49/-. P. & P. 4/-. 
SUPER AERAXIAL, 70/80 ohm 
coax, 300 watt very low loss, 1/8 per 
yard. 50 ohm 300 watt, 1/9 per yard. 
P. & P. 2/6. 
TOUGH POLYTHENE LINE, 
type MLI (1001b), 2d. per yd. or 
12/6 per 100 yds. Type ML2 (220lb). 
4d. per yd. or 25/- per 100 yds., ML4 
(400lb). 6d. per yd. Ideal for Guys, 
L.W. Supports, Halyards, etc. Post- 
age 1/6 on all line. 

ABSORPTION WAVEMETERS. 3.00 to 35.00 Mc/s in 3 Switched 
Bands. 3.5, 7, 14. 21 and 28 Mc/s. 
Ham Bands marked on scale. Com- 
plete with indicator bulb. A MUST for any Ham Shack. ONLY 25/- 
EACH. Post free. 
BANDCHECKER MONITOR. 
3.00-35.00 Mc/s in 3 switched Bands. 
0-1 mA Indicator. Monitor Socket. 
Very sensitive, £3.13.6. P. & P. 3/-. 
VARIABLE CONDENSERS. All 
brass with ceramic end plates and 
ball race bearings. 50pF, 5/9; 100, 6/6; 
160, 7/6; 240, 8/6; and 300pF, 9/6. 
Extension for ganging. P. & P. 2/-. 
RACK MOUNTING PANELS: 
19" x Si". 7". Si", or 10i". black 
crackle finish, 5/9, 6/6, 7/6, 9/- 
respectively. P. & P. 3/-. 
GELOSO VFO UNITS. 4/102 with 
new dial and escutcheon. Outputs on 
80. 40. 20. 15 and 10. For 2-807 or 
6146 Tubes. Only £8.15.0, 3 valves 
to suit, 24/-. ALL POST FREE. 
30 WATT MOD. TRANS. 2x 
807 mod. to 807 R.F. Few only, 18/6 
each. P. & P. 3/6. 
2 METRE BEAM, 5 ELEMENT 
W.S. YAGI. Complete in box with 
1" to 2i" masthead bracket. Price 
49/-. P. & P. 4/-. 

CHAS. H. YOUNG LTD 
170-172 Corporation St., Birmingham 4 
Please print your address. No C.O.D. under £1. 'phone CEN 163S 

SMALL ADVERTISEMENTS 
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London, W.9 
Please insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

16 words at 9d. 

' = 12/- 

ALL WORDING 
IN 

BLOCK LETTERS 

PLEASE 

I enclose remittance of being payment at 9d. a word. MINIMUM 12/-. 
Box Number, if required, 2/- extra. 

NAME  
ADDRESS  ;  

Copy to be received four weeks prior to publication. Published on the 1st of every month 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/- 

Box No. 2/- extra. 

Advertisements must be prepaid and all copy pnust 
be received by the 4th of the month for insertion 
in the following month's issue. The Publishers 
cannot be held liable in any way for printing errors 
or omissions, nor can they accept responsibility for 
the bona fides of advertisers. (Replies to Box 
numbers should be addressed to: Box No. —, The 
Radio Constructor, 57 Maida Vale, London, W.9.) 

THE INCORPORATED PRACTITIONERS IN 
RADIO AND ELECTRONICS (I.P.R.E.) LTD. 
Membership conditions booklet Is. Sample copy of 
I.P.R.E. Official Journal 2s. post free.—Secretary, 
Dept. D, 32 Kidmore Road, Caversham, Reading, 
Berkshire. 

SERVICE SHEETS, 1925—1965. From Is. Catalogue 
6,000 models. Is. 6d. S.A.E. enquiries.—Hamilton 
Radio, 13 Western Road, St. Leonards, Sussex. 

HAMMERITE hammer pattern brush paint, for panels 
and boxes, gives a perfect pattern in only 10 sec. 
Just brush it on! 
Colours: Blue, silver or metallic black. 

2i oz. tins 3s. 6d. i gallon 35s.* 
i pint 7s. 6d. 1 gallon 58s.* 
1 pint 15s. (* sent by road). 

Carriage: Orders up to 5s., 9d.; up to 10s., Is. 9d.; 
over 10s., 2s. 9d. 

Return of post service Monday to Friday. 
From your component shop, or direct from the 
manufacturer: FINNIGAN SPECIALITY PAINTS, 
(RC), Mickley Square, Stocksfield, Northumberland. 
Telephone; Stocksfield 2280. 

GOVERNMENT SURPLUS electrical and radio 
equipment. Our new catalogue No. 16 ready now, 
2s. 6d. post free, cost refunded on purchase of goods 
over £2.—Arthur Sallis Radio Control Ltd., 93 
North Road, Brighton, Sussex. 

FOR SALE. Oscilloscopes—Galvanometers—Evershed 
& Vignolles Meggers. Also other items and com- 
ponents. Free list. Stamp please.—R. & E. Mart 
Box 9 G.P.O., Tunbridge Wells, Kent. 

FOR SALE. Genuine Mullard BY100 and resistor 6s 
Also BVA, EF80, ECC81, EBF89, etc., 5s. Lists 
free—Messrs. E. A. Johnson, 12 Pank Avenue, New 
Bamet, Herts. Mail only. 

SPEED SERVICING with a stage substitution analyser 
made from surplus 2 band T.V. receiver. Descriptive 
leaflet. Diagrams 5s. 6d. inc. postage.—Moore, 40 
Carleton Road, Higher Poynton, Cheshire. 

STEREO RECORDS FOR SALE, Marches from 
Operas, AF.FCS 50008; Bob Sharpies and His Music, 
Decca SKL 4110; Tchaikovsky in Phase Four, Decca 
PFS 4044. All unblemished at 15s. each.—Box 
No. F246. 

YOUR KITS EXPERTLY BUILT. Mains and battery 
radios of every description. S.A.E. enquiries.— 
Thomas, 106 Wynnville, Ruabon, Wrexham. 

continued on page 397 

BEIMTLEY ACOUSTIC 

CORPORATION LTD 
38 CHALC0T ROAD CHALK FARM LONDON NW1 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
IL4 2/3 6/30L2 8/9 DAF96 6/- EF37A IRS 4/- I0CI 9/9 DF96 61- EF4I IS4 5/- I0C2 12/- DK92 8/- EF80 IS5 3/3 I0FI 10/- DK96 6/6 EF83 IT4 2/3 I0FI8 9/9 DL96 61- EF85 2D2I 5/- I0LDI 1 9/6 DM70 51- EF86 3D6 3/9 I0PI3 12/- DY86 616 EF89 3Q4 5/3 1 OP 14 1116 DY87 7/6 EF9I 3Q5 6/9 I2AH8 10/9 E88CC 13/6 EF92 3S4 4/9 I2AT6 4/6 EABC80 5/9 EF97 3V4 5/- I2AU6 5/9 EAF42 7/9 EF98 5Y3GT 4/9 I2AV6 5/9 EB9I 2/3 EFI83 5Z4 7/6 I2BA6 5/3 EBC33 61- EFI84 6AQ5 5/9 I2BE6 4/9 EBC4I 616 EL33 6AT6 3/6 I2BH7 61- EBC8I 6/3 EL36 6AU6 5/9 I9AQ5 7/3 EBF80 5/9 EL4I 6AV6 5/6 20DI 10/- EBF83 7/3 EL42 6BA6 4/6 20F2 11/6 EBF89 5/9 EL83 6BE6 4/3 20LI 12/- EBL2I 10/3 EL84 6BH6 5/3 20PI 12/6 EC92 6/6 EL85 6BJ6 5/6 20P3 12/- ECC8I 3/6 EL86 6BQ7A 7/6 20P4 13/- ECC82 4/6 EL95 6BR7 12/- 20P5 11/6 ECC83 4/6 ELL80 6BW6 7/6 30CI5 10/- ECC84 5/6 EM34 6CD6G 18/- 30CI7 11/9 ECC85 5/9 EM7I 6CH6 6/6 30CI8 9/3 ECC88 8/9 EM80 6FI 9/6 30F5 7/3 ECCI89 11/6 EMS 1 6J7G 4/6 30FLI 9/3 ECF80 7/3 EM84 6K7G 1/3 30LI5 10/3 ECF82 6/3 EM85 6K8G 3/3 30LI7 11/6 ECF86 10/- EM87 6LI 10/- 30PI2 7/6 ECH2I 10/- EY5I 6L6GT 7/3 30PI9 12/- ECH35 61- EY8I 6LI8 10/- 30PLI 9/6 ECH42 8/- EY83 6LD20 6/6 30PLI3 10/6 ECH8I 5/9 EY84 6Q7G 4/3 30PLI4 11/3 ECH83 6/6 EY86 6SL7 4/9 30PLI5 9/6 ECH84 9/6 EY88 6SN7 4/6 35W4 4/6 ECL80 5/9 EZ40 6V6G 3/6 85A2 6/6 ECL82 6/6 EZ4I 6X4 3/9 5763 7/6 ECL83 8/9 EZ80 6X5 5/3 AZ3I 9/6 ECL86 8/- EZ8I 

7/- 6/6 4/3 9/9 4/6 6/6 4/3 3/- 2/6 10/- 9/9 7/3 6/6 6/6 8/9 7/- 7/9 6/9 4/6 7/6 7/3 5/- 13/6 11/6 15/6 6/3 7/- 6/- 8/9 7/6 5/6 7/3 9/3 9/6 5/6 8/9 5/6 6/3 3/9 4/3 

HABC80 9/3 KT66 12/3 N339 25/- PABC80 6/9 PC86 9/9 PC88 PC95 PC97 PCC84 PCC85 PCC88 10/6 PCC89 11/6 PCCI89 10/- PCF80 6/6 PCF82 PCF84 PCF86 PCF80 PCF802 10/- PCL82 6/6 PCL83 PCL84 PCL85 PCL86 PEN45 PL36 

6/- 8/6 8/3 9/9 

PL38 PL8 i PL82 PL83 PL84 PM84 PY33 PY80 PY81 PY82 PY83 PY88 PY800 PY80I 

9/6 7/6 8/6 8/9 7/- 9/- 16/ 6/9 5/3 6/- 6/3 9/3 8/9 4/9 5/- 4/9 5/6 7/3 5/9 7/6 

U25 U26 U3 I U 191 U282 U30I U329 U404 U801 

8/6 7/6 6/6 9/6 12/3 II/- 9/- 6/- 15/- 

6/3 6/3 5/6 6/3 

UABC80 5/6 UAF42 6/9 UBC4I UBC8I UBF80 UBF89 UBL2I 10/9 UC92 6/3 UCC84 8/- UCC85 6/6 UCF80 8/3 UCH2I 8/- UCH42 8/- UCH8I 6/6 UCL82 7/3 UCL83 UF41 UF42 UF80 UF85 UF86 UF89 UL41 UL84 UM80 UY2I UY4I UY85 VP4B X41 X78 

9/3 6/9 4/9 6/3 6/9 9/- 5/6 7/- 5/6 8/3 9/- 5/- 4/9 12/- 10/- 26/2 
Terms of business: Cash with order only. No C.O.D. Post/packing 6d. per item. Orders over £5 post free. All orders despatched same day. Complete catalogue including transistor section and components with terms of business 6a- Any parcel insured against damage in transit for 6d. extra. We are open for personal shoppers 9 a.m.-5 p.m. Saturdays 9 a.m.-l p.m. 

JACKSON . 
the big name in PRECISION components 

Precision built radio components are an 
important contribution to the radio and 
communications industry. 

SL 16 

DRIVE 

A general purpose slide rule Drive for F.M./V.H.F. 
Units, short-wave converters, etc. Printed in two 
colours on aluminium, with a 0—100 scale and provision 
is made for individual calibrations. Complete with 
bronze escutcheon and glass. 15/-. 

It's reliable if it's made by Jackson! 
MADE IN ENGLAND 

JACKSON BROS. (LONDON) LTD. 
Dept. R.C., Kingsway-Waddon, Croydon, Surrey 

Telephone Croydon 2754-5 
Telegrams Walfilco, Souphone, London 
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mMiFiip'TAmn 
CHAS. H. YOUNG LTD. 

MIDLAND AGENTS 

FOR 

* EDDYSTONE 

RECEIVERS & COMPONENTS 

* NATIONAL 

RECEIVERS & TRANSCEIVERS 

* GREEN & DAVIS EQUIPMENT 

* KW EQUIPMENT 

* MOSLEY AERIALS 

* WITHERS 

* H.P. FACILITIES AVAILABLE 

* PART EXCHANGES 

AERIAL 
EQUIPMENT 

TWIN FEEDER. 300 ohm twin 
ribbon feeder similar K25, 6d. per 
yard. 75 ohm twin feeder, 6d. per 
yard. Post on above feeders and 
cable, 2/- any length. 
COPPER WIRE, 14G, H/D, 140ft, 
22/6; 70ft, 11/6. Post and packing 3/3. 
Other lengths pro rata. 
FEEDER SPREADERS. 6" Ceramic 
type F.S., lOd. each. Postage 2/6 
up to 12. 
CERAMIC CENTRE PIECE for 
dipoles, Type AT, 1/6 each. P. & P. 1/_. 
2 METRE BEAM. 5 ELEMENT 
W.S. YAGI. Complete in box with 1" to 2i/, masthead bracket. 
Price 49/-. P. & P. 4/-. 
SUPER AERAXIAL, 70/80 ohm 
coax, 300 watt very low loss, 1/8 per 
yard. 50 ohm 300 watt, 1/9 per yard. 
P. & P. 2/6. 
TOUGH POLYTHENE LINE, 
type MLI (1001b), 2d. per yd. or 
12/6 per 100 yds. Type ML2 (220lb). 
4d. per yd. or 25/- per 100 yds., ML4 
(4001b), 6d. per yd. Ideal for Guys, 
L.W. Supports, Halyards, etc. Post- 
age 1/6 on all line. 

ABSORPTION WAVEMETERS. 3.00 to 35.00 Mc/s in 3 Switched 
Bands. 3.5, 7, 14, 21 and 28 Mc/s. 
Ham Bands marked on scale. Com- 
plete with indicator bulb. A MUST 
for any Ham Shack. ONLY 25/- 
EACH. Post free. 
BANDCHECKER MONITOR, 3.00-35.00 Mc/s in 3 switched Bands. 
0-1 mA Indicator. Monitor Socket. 
Very sensitive, £3.13.6. P. & P. 3/-. 
VARIABLE CONDENSERS. All 
brass with ceramic end plates and 
ball race bearings. 50pF, 5/9; 100, 6/6; 
160, 7/6; 240, 8/6; and 300pF, 9/6. 
Extension for ganging. P. & P. 2/-. 
RACK MOUNTING PANELS: 
19" x 5^", 7", 8J", or 10^", black 
crackle finish, 5/9, 6/6, 7/6, 9/- 
respectively. P. & P. 3/-. 
GELOSO VFO UNITS. 4/102 with 
new dial and escutcheon. Outputs on 
80. 40. 20. 15 and 10. For 2-807 or 
6146 Tubes. Only £8.15.0, 3 valves 
to suit, 24/-. ALL POST FREE. 
30 WATT MOD. TRANS. 2x 
807 mod. to 807 R.F. Few only, 18/6 
each. P. & P. 3/6. 
2 METRE BEAM, 5 ELEMENT 
W.S. YAGI. Complete in box with 
1" to 2t" masthead bracket. Price 
49/-. P. & P. 4/-. 

CHAS. H. YOUNG LTD 
170-172 Corporation St., Birmingham 4 
Please print your address. No C.O.D. under £1. 'phone CEN 1635 

 SMALL ADVERTISEMENTS  
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London, W.9 
Please insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

16 words at 9d. 

= 12/- 

ALL WORDING 

IN 
BLOCK LETTERS 

PLEASE 

I enclose remittance of being payment at 9d. a word. MINIMUM 12/-. 
Box Number, if required, 2/- extra. 

NAME  
ADDRESS     

Copy to be received four weeks prior to publication. Published on the 1st of every month 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/- 

Box No. 2/- extra. 

Advertisements must be prepaid and all cop/ piust 
be received by the 4th of the month for insertion 
in the following month's issue. The Publishers 
cannot be held liable in any way for printing errors 
or omissions, nor can they accept responsibility for 
the bona fides of advertisers. (Replies to Box 
numbers should be addressed to: Box No. , The 
Radio Constructor, 57 Maida Vale, London, W.9.) 

THE INCORPORATED PRACTITIONERS IN 
RADIO AND ELECTRONICS (I.P.R.E.) LTD. 
Membership conditions booklet Is. Sample copy of 
I.P.R.E. Official Journal 2s. post free.—Secretary, 
Dept. D, 32 Kidmore Road, Caversham, Reading, 
Berkshire. 

SERVICE SHEETS, 1925—1965. From Is. Catalogue 
6,000 models. Is. 6d. S.A.E. enquiries.—Hamilton 
Radio, 13 Western Road, St. Leonards, Sussex. 

HAMMERITE hammer pattern brush paint, for panels 
and boxes, gives a perfect pattern in only 10 sec. 
Just brush it on! 
Colours: Blue, silver or metallic black. 

2i oz. tins 3s. 6d. I gallon 35s.* 
i pint 7s. 6d. 1 gallon 58s.* 
1 pint 15s. (* sent by road). 

Carriage: Orders up to 5s., 9d.; up to 10s., Is. 9d.; 
over 10s., 2s. 9d. 

Return of post service Monday to Friday. 
From your component shop, or direct from the 
manufacturer: FINNIGAN SPECIALITY PAINTS, 
(RC), Mickley Square, Stocksfield, Northumberland. 
Telephone: Stocksfield 2280. 

GOVERNMENT SURPLUS electrical and radio 
equipment. Our new catalogue No. 16 ready now, 
2s. 6d. post free, cost refunded on purchase of goods 
over £2.—Arthur Sallis Radio Control Ltd., 93 
North Road, Brighton, Sussex. 

FOR SALE. Oscilloscopes—Galvanometers—Evershed 
& Vignolles Meggers. Also other items and com- 
ponents. Free list. Stamp please.—R. & E. Mart 
Box 9 G.P.O., Tunbridge Wells, Kent. 

FOR SALE. Genuine Mullard BY100 and resistor 6s 
Also BVA, EF80, ECC81, EBF89, etc., 5s. Lists 
free—Messrs. E. A. Johnson, 12 Pank Avenue, New 
Bamet, Herts. Mail only. 

SPEED SERVICING with a stage substitution analyser 
made from surplus 2 band T.V. receiver. Descriptive 
leaflet. Diagrams 5s. 6d. inc. postage.—Moore, 40 
Carleton Road, Higher Poynton, Cheshire. 

STEREO RECORDS FOR SALE. Marches from 
Operas, AF.FCS 50008; Bob Sharpies and His Music, 
Decca SKL 4110; Tchaikovsky in Phase Four, Decca 
PFS 4044. All unblemished at 15s. each.—Box 
No. F246. 

YOUR KITS EXPERTLY BUILT. Mains and battery 
radios of every description. S.A.E. enquiries.— 
Thomas, 106 Wynnville, Ruabon, Wrexham. 
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BENTLEY ACOUSTIC 

CORPORATION LTD 
38 CHALCOT ROAD CHALK FARM LONDON NW1 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
IL4 2/3 6/30L2 8/9 DAF96 61- EF37A IRS 4/- I0CI 9/9 DF96 61- EF4I IS4 5/- I0C2 12/- DK92 81- EF80 IS5 3/3 I0FI 10/- DK96 6/6 EF83 IT4 2/3 I0FI8 9/9 DL96 61- EF85 2D2I 5/- I0LDI 1 9/6 DM70 51- EF86 3D6 3/9 I0PI3 12/- DY86 616 EF89 3Q4 5/3 1 OP 14 i 116 DY87 7/6 EF9I 3Q5 6/9 I2AH8 10/9 E88CC 13/6 EF92 3S4 4/9 I2AT6 4/6 EABC80 5/9 EF97 3V4 5/- I2AU6 5/9 EAF42 7/9 EF98 5Y3GT 4/9 I2AV6 5/9 EB9I 2/3 EFI83 5Z4 7/6 I2BA6 5/3 EBC33 61- EFI84 6AQ5 5/9 I2BE6 4/9 EBC4I 6/6 EL33 6AT6 3/6 I2BH7 6/- EBC8I 6/3 EL36 6AU6 5/9 I9AQ5 7/3 EBF80 5/9 EL4I 6AV6 5/6 20DI 10/- EBF83 7/3 EL42 6BA6 4/6 20F2 11/6 EBF89 5/9 EL83 6BE6 4/3 20LI 12/- EBL2I 10/3 EL84 6BH6 5/3 20PI 12/6 EC92 6/6 EL85 6BJ6 5/6 20P3 12/- ECC8I 3/6 EL86 6BQ7A 7/6 20P4 13/- ECC82 4/6 EL95 6BR7 12/- 20 PS 11/6 ECC83 4/6 ELL80 6BW6 7/6 30CI5 10/- ECC84 5/6 EM34 6CD6G 18/- 30CI7 11/9 ECC85 5/9 EM7I 6CH6 6/6 30CI8 9/3 ECC88 8/9 EM80 6F1 9/6 30F5 7/3 ECCI89 11/6 EMS 1 6J7G 4/6 30FLI 9/3 ECF80 7/3 EM84 6K7G 1/3 30LI5 10/3 ECF82 6/3 EM85 6K8G 3/3 30LI7 11/6 ECF86 10/- EM87 6LI 10/- 30PI2 7/6 ECH2I 10/- EY5I 6L6GT 7/3 30PI9 12/- ECH35 6/- EY8I 6LI8 10/- 30PLI 9/6 ECH42 8/- EY83 6LD20 6/6 30PLI3 10/6 ECH8I 5/9 EY84 6Q7G 4/3 30PLI4 11/3 ECH83 6/6 EY86 6SL7 4/9 30PLI5 9/6 ECH84 9/6 EY88 6SN7 4/6 35W4 4/6 ECL80 5/9 EZ40 6V6G 3/6 85A2 6/6 ECL82 6/6 EZ4I 6X4 3/9 5763 7/6 ECL83 8/9 EZ80 6X5 5/3 AZ3I 9/6 ECL86 81- EZ8I 

7/- 6/6 4/3 9/9 4/6 6/6 4/3 3/- 2/6 10/- 9/9 7/3 6/6 6/6 8/9 7/- 7/9 6/9 4/6 7/6 7/3 5/- 13/6 11/6 15/6 6/3 7/- 6/- 8/9 7/6 5/6 7/3 9/3 9/6 5/6 8/9 5/6 6/3 3/9 4/3 

HABC80 9/3 KT66 12/3 N339 25/- PABC80 6/9 PC86 9/9 PC88 PC95 PC97 PCC84 PCC85 PCC88 10/6 PCC89 I 116 PCCI89 10/- PCF80 6/6 PCF82 PCF84 PCF86 PCF80I 9/9 PCF802 10/- PCL82 6/6 PCL83 PCL84 PCL85 PCL86 PEN45 PL36 

6/- 8/6 8/3 

PL38 PL81 PL82 PL83 PL84 PM84 PY33 PY80 PY81 PY82 PY83 PY88 PY800 PY80I 

9/6 7/6 8/6 8/9 
71- 91- 16/- 6/9 5/3 6/- 6/3 9/3 8/9 4/9 51- 4/9 5/6 7/3 5/9 7/6 

U25 U26 U31 U 191 U282 U30I U329 U404 U801 

8/6 7/6 6/6 9/6 12/3 
II/- 91- 61- 15/- 

6/3 6/3 5/6 6/3 

UABC80 5/6 UAF42 6/9 UBC4I "■ UBC8I UBF80 UBF89 UBL2I 10/9 UC92 6/3 UCC84 81- UCC85 6/6 UCF80 8/3 UCH2I 81- UCH42 81- UCH8I 6/6 UCL82 7/3 UCL83 9/3 UF41 UF42 UF80 UF85 UF86 UF89 UL41 UL84 UM80 UY2I UY4I UY85 VP4B X41 X78 

6/9 4/9 6/3 6/9 91- 5/6 71- 5/6 8/3 91- 51- 4/9 12/- 10/- 26/2 
Terms of business: Cash with order only. No C.O.D. Post/packing 6d. per item Orders over £5 post free. All orders despatched same day. Complete catalogue including transistor section and components with terms of business 
\a/ y par<:e' 'nsured against damage in transit for 6d. extra. We are open for personal shoppers 9 a.m.-5 p.m. Saturdays 9 a.m.-l p.m. 

JACKSON 
ihs big name in PflECISION components 

Precision built radio components are an 
important contribution to the radio and 
communications industry. 

SL 16 

DRIVE 

A general purpose slide rule Drive for F.M./V.H.F. 
Units, short-wave converters, etc. Printed in two 
colours on aluminium, with a 0-100 scale and provision 
is made for individual calibrations. Complete with 
bronze escutcheon and glass. 15/-. 

It's reliable if it's made by Jackson! 
MADE IN ENGLAND 

JACKSON BROS. (LONDON) LTD. 
Dept. R.C., Kingsway-Waddon, Croydon, Surrey 

Telephone Croydon 2754-5 
Telegrams Walfilco, Souphone, London 
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THE WORD MA^-Q 
IS THE REGISTERED 

" "jTJ7 " TRADE MARK 

OF DENCO (CLACTON) LIMITED 

IT IS ALSO A GUARANTEE OF 

WORKMANSHIP AND 

TECHNICAL PERFORMANCE 

OUR RANGE OF PRO- 
DUCTS IS SO GREAT THAT 
WE NOW HAVE TO 
REQUEST THE AMOUNT 
OF 2s. Od. FOR OUR GENER- 
AL CATALOGUE AND TO 
SAVE YOU POSTAL ORDER 
POUNDAGE CHARGE WE 
REQUEST SEND 2s. Od. IN 
STAMPS. 

IN RESPONSE TO CONTINUOUS DEMAND we have commenced production of Self-Contained Multiplex 
Decoder Unit, aligned ready for immediate use, that will convert your two receivers—tuner and two amplifiers 
—tuner and stereo amplifier or stereo receiver without Multiplex provision to a complete B.B.C. Stereo 
Broadcast Reception Unit. Price £8.0.0, post paid. Technical Publication MD1, 4s. Od., post paid. 
IFT.11/465 kc/s centre tapped transformer for use in crystal filter circuits, IJ'x square. 10s. 6d. plus 8d. post. 
IFT.18/465 kc/s and 1.6 Mc/s Double Tuned transistor transformer 1i" x Y square. 10s. 6d., plus 8d. post. 
Please send S.A.E. with all enquiries. General Catalogue 2s. Od. 

DENCO (CLACTON) LTD. 
(DEPT. R.C.) 

357/9 OLD ROAD, CLACTON-ON-SEA, ESSEX 

THE MODERN BOOK CO 

Servicing Electronic Organs. By C. R. Pittman 
and E. J. Oliver. 30s. Postage Is. 
Transistor Transmitters for the Amateur. 
By D. L. Stoner. 21s. Postage 1s. 
Troubleshooting With The Oscilloscope. 
By R. G. Middleton. 20s. Postage Is. 
A Guide to Amateur Radio. An R.S.G.B. Pub. 
5s. Postage 6d. 
The Radio Amateurs' Examination Manual. 
An R.S.G.B. Pub. 5s. Postage 6d. 
Pick Dps the Key to Hi Fi. By J. Walton 10s. 
Postage 6d. 
Electrical Installation Work. By T. G. Francis. 
20s. Postage 1 s. 
Worked Examples in Electrotechnology. By 
A. C. Shotton. 12s. 6d. Postage 1s. 
Radio Valve Data. 7th Ed. Compiled by "WW". 
7s. 6d. Postage 1s. 

Radio and Television Servicing Electronics 
Servicing. Specimen Answers to inter. Papers, 
1961/64. By Bennewitz. 8s. 6d. Postage 6d. 
Ham Antenna. By J. A. Stanley. 24s. Postage 1s. 
Elementary Telecommunications Examina- 
tion Guide. By W. T. Perkins. 17s. 6d. Postage 1s. 
101 Ways to Use Your Ham Test Equipment. 
By R. G. Middleton. 21s. Postage 1s. 
Know Your Test Meters (VOM-VTVM). By 
J. A. Risse. 21s. Postage 1s. 
Basic Theory and Application of Transistors. 
Compiled by U.S. Army. 10s. Postage 1s. 
101 Ways To Use Your Audio Test Equip- 
ment. By R. G. Middleton. 18s. Postage Is. 
Short Wave Amateur Radio. By J. Schaap. 
22s. 6d. Postage 1s. 
Handbook of Line Communication: Vol. 1, 
Royal Signals. H.M.S.O. 30s. Postage 2s. 6d. 

Complete Catalogue 1s. 
We have the Finest Selection of English and American Radio Books in the Country 

19-21 PRAED STREET (Dept RC) LONDON W2 
Telephone PADdington 4185 
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SMALL ADVERTISEMENTS 

continued from page 395 

BARGAIN TRANSISTORS. 25 for 10s. 2G371/81 
audio 2G414/7 RF/VHF 2N1303/7 switching. All 
p.n.p. uncoded but tested. Also 100 diodes 10s. 
100 high stability resistors for 17s. 6d. Many testi- 
monials. Send 6d. stamp for stocklist of other items. 
Examples: 2N2646 unijunction 12s. 3d.; 2N1132 p.n.p. 
silicon 27s. .6d.; OC71, OC76, OC81D, OC81 3s.; 
100 p.i.v. silicon diodes 3 amp Is. 9d.; and much more. 
— L.S.T. COMPONENTS, 23 NEW ROAD, 
BRENTWOOD, ESSEX. 

FOR SALE. American Fleathkit EF-2 "How To Use 
Your Oscilloscope".—Offers to: 46 Lavender Road, 
West Ewell, Surrey. 

FOR SALE. Minimitter transmitter, 100W, Phone/CW, 
V.F.O. 28, 21, 14, 7, 3.5 Mc/s, aerial matching unit, 
T.V.I. Filter. £30.—Box No. F249. 

WANTED. Information on meteorological FAX radio 
reception systems, brochures, circuits, surplus equip- 
ment, etc.—Box No. F250. 

WANTED. To purchase secondhand classical L.P. 
records in good condition. Reasonable.—Box No. 
F251. 

FOR SALE. 1155 internal power pack £5. 19 set 
modified for mains working £6. American Navy v.h.f. 
receiver £4.—L. E. Rolls, 23 Brandreth Avenue, 
Dunstable, Beds. 

FOR SALE. Aerostyle portable spraying unit together 
with Model "IM" spray gun (constant "bleed" type). 
Good condition, £25 o.n.o.—Box No. F252. 

FOR SALE. Stock of modern radio components. 
Suitable for person opening shop or mail order 
business.—Box No. F253. 

FOR SALE. RTTY converter, Type A.P. 66286, £5 
plus carriage.—Box No. F254. 

FOR SALE. A number of early radio textbooks. 
Would suit technical college or school reference 
library. S.A.E. for details.—Box No. F255. 

"MEDIUM WAVE NEWS" Monthly during DX 
season—Details from: B. J. C. Brown, 60 White 
Street, Derby. 

TECHNICAL DRAWINGS, Artwork, etc. Electronic 
and Radio Circuits a speciality. Moderate charges. 
—B. P. Meaney, 43 Forest Road, Worthing, Sussex. 

ARE YOU A MOTORING ENTHUSIAST? The 
Seven Fifty Motor Club caters for all types of motor 
sport—racing, rallies, hill climbs, etc. Monthly 
Bulletin free to members. For full details write to: 
The General Secretary, Colin Peck, "Dancer's End", 
St. Winifred's Road, Biggin Hill, Kent. 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrappering, 
facsimile letters, automatic typing, copy service, 
campaign planning, design and artwork, printing and 
stationery. Please ask for price list.—The Holborn 
Direct Mail Company, Telephone: TERminus 0588. 

continued on page 399 

FRee 
inside 

DOUBLE-SIDED 

BLUEPRINT 

to_bmlda^ PROGRESSIVE 

SHORT-WAVE RECEIVER 

Full constructional details, with instruc- 
tions for the following additional facilities:- 
Tuned R.F. Amplifier Stage, I.F. Regenera- 
tion, Bandspread Tuning, Send/Receive 
Switching and Tuning Indicator. 

Other Constructional Features: 
ADD-ON TRANSISTOR STAGE 

QUIZ MACHINE FOR EXPERIMENTERS, 
CLUBS AND SCHOOLS 

MINI MODULATOR 

-BLUEPR»nT 

Wireless 

JM 
Double Sided 
mmm 

TO BUM A 
| PR06RESS!V| 

shortwave 
RECEIVER 

* itA&iC ' - 
| . * ! f, 

k f 
IJ 

FEBRUARY ISSUE OUT JAN. 6th 2/- 
BIG DEMAND! MAKE SURE OF YOUR COPY! 
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RADIO 
CONTROL FOR 
MODELS RADIO 

CONTROL FOR 

Mnnci c SH|ps'eoATs 

ITIV/L^E.L.0 AND AIRCRAFT 

C. JUDD With sections on 
servo-mechanisms by RAYMOND F, STOCK 

More than 200 illustrations —circuits, working diagrams, 

photographs & tables. Each page is packed with information 

192 Pages 

15s. 

This book is basically an amalgamation of "Radio Control for Model Ships. Boats and Aircraft" 
and "Radio Control Mechanisms". Additional material has been added on Multi-Channel 
Operation; Transistorised Radio Control Receivers—Simple and Three-Channel; A Compact 
Efficiency Aerial; Deac Battery Information; Licence Conditions, etc. 

RADIO 
CONTROL FOR 
MODELS 

To Data Publications Ltd., 57 Maida Vale, London, W.9 

Please supply copy (ies) of your publication 
"RADIO CONTROL FOR MODELS" DATA BOOK No. 16 at 15s. 
each, postage 9d. 

NAME 

ADDRESS. 

BLOCK LETTERS PLEASE 
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SMALL ADVERTISEMENTS 

continued from page 397 

RECITALS OF RECORDED MUSIC. The second 
Saturday evening of each winter month. Next recital: 
Saturday, 8th January, 1966, 8 p.m. at Woodford 
Green United Free Church, Woodford Green, Essex 
Bus routes—20, 20a, 38a and 179. 

PRINTED CIRCUIT BOARDS supplied for any circuit. 
Simply send full size drawing of board. Prices include 
drilling. 6d. per square inch, plus 2s. 6d. processing. 
Post free. Also boards designed, kits built, etc.— 
Temple, 12 Beech House Road, Croydon, Surrey. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
Services to members including Q.S.L. Bureau. 
Amateur and Broadcast Translation. Technical and 
Identification Dept.—both Broadcast and Fixed 
Stations, DX Certificates, contests and activities for 
the SWL and transmitting members. Monthly maga- 
zine, Monitor, containing articles of general interest 
to Broadcast and Amateur SWLs, Transmitter 
Section and League affairs, etc. League supplies 
such as badges, headed notepaper and envelopes. 
QSL cards, etc., are available at reasonable cost. 
Send for League particulars. Membership including 
monthly magazine, etc., 35s. per annum.—Secretary, 
ISWL, 60 White Street, Derby. 

EDUCATIONAL 

TV AND RADIO. A.M.I.E.R.E., City & Guilds, 
R.T.H.B. Cert., etc., on "Satisfaction or Refund of 
Fee" terms. Thousands of passes. For details of 
Exams, and home training courses (including practical 
apparatus) in all branches of radio, TV and electronics, 
write for 156 page Handbook—FREE.—B.I.E.T. 
(Dept. 141K), 29 Wright's Lane, London, W.8. 

MORSE ^sdYe! ! 
The famous RHYTHM RECORDED COURSE cuts practice 

time down to an absolute minimum ! One student, aged 20, took only 13 DAYS and another, aged 
• u0 WEEKS to obtain a G.P.O. pass certificate. If you wish to read Morse easily and naturally, please enclose 8d. in 

stamps for full explanatory booklet to:— 
G3CHS/D, 45 Green Lane, Purley, Surrey. 

V.H.F. RECEIVER; Pye PTC1I4. 65-100 Mc/«, 12 volts D.C. supply. This is an II Valve Double Superhec Receiver, operating on one fixed frequency between 65-100 Mc/s, crystal controlled, speaker output using midget valves throughout. Supplied in first-class condition with tuning data, circuit diagram, and complete crystal formula. Ideal for the A metre band (70.2 Mc/s) offered at only 70/-, post 5/-. 
Aerial Matching Tuning Units. These well made tuning units, made for the American 19 Tx-Rx, are housed in a metal case, colour green or brown, using a large precision calibrated scale, are an essential piece of equipment for the serious Tx or Rx operator. This unit will match an untuned wire or Whip Aerial to almost any Short Wave Receiver or Transmitter, exceptionally good for Mobile Top Band use. This American version being well noted as far superior to any other. GUARANTEED BRAND NEW, only 20/—, Post 7/6. Instructions supplied, 
Mk. Ill 18 Set Receivers employing 4 valves in a superhet circuit. Range 6—9 Mc/s. C.W. or phone. Supplied in good, used condition. 

. post 5/~• Sender un't available with 500 micro-amp meter, only 20/-, post 5/-. Both circuits supplied. 
JOHN'S RADIO (Dept. D.), 
OLD CO-OP., WHITEHALL ROAD, 

DRIGLINGTON. BRADFORD, YORKS. 

ESTABLISHED 1865 

Savings in this old established Building Society 
combine sound investment with an attractive 

return 

THE DUCHESS OF KENT 

PERMANENT 

BUILDING SOCIETY 
Member of the Building Societies Association 

Shares are in units of £25 each (maximum 
investment £5,000) . . . BUT, for the smaller 
saver. Subscription Share accounts may be 
opened with any sum from 1/- upwards. 
Interest is payable half-yearly on Fully Paid 
Shares—credited annually on Subscription 

Shares—all interest accrues monthly 

Withdrawals at short notice 

INTEREST IS AT 4% PER ANNUM 

(There is NO DEDUCTION FOR INCOME TAX, as 
this is paid by the Society) 

For further information apply to 
DUCHESS OF KENT 

PERMANENT BUILDING SOCIETY 
289/293 Regent Street London W1 

Telephone MUSeum 4876-9 

Please send to me, without obligation, free brochure and 
a copy of the audited statement of accounts. (/ under- 
stand that I shall not be troubled with calls by repre- 
sentatives) 

Name 
(If lady, please state Mrs. or M/ss) 

Address.. 

■R.C. 
(Please use Block Capitals for both name and address) 
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CHASSIS 
and 

CASES by 

CASES Type W 
Type Size Price lype Size Price 

U 4x4x4"* 10/- Y 8x6x6" 26/6 
U 5* x 4* x 4^" 15/- Y 12x7x7" 41/- 
U 8x6x6" 21/- Y 13x7x9" 44/- 
U 15x9x9" 44/6 Y 15x9x7" 48/6 
W 8 x 6 x 6" 21/- Z 17x10x9" 66/- 
W 12x7x7" 34/- Z 19x10x81" 71/- 
W 15x9x8" 44/- ♦ Height 

287/9 Edgware Road 
London W2 

TELEPHONE 
PADdington 5891/7595 

 Type Y 
TypeZ 

Type U 

Type Z has removable back and front panels. 
Type Y all-screwed construction. 

BLANK CHASSIS—Same Day Service 
Of over 20 different forms made up to YOUR SIZE. 

(Maximum length 35", depth 4".) 
SEND FOR ILLUSTRATED LEAFLETS 

or order straight away, working out total area of ma- 
terial required and referring to table below which is for 

four-sided chassis in 16 s.w.g. aluminium. 
48 sq. in. 4/3 176 sq. in. 9/- 304 sq. in. 13/6 
80 sq. in. 5/6 208 sq. in. 10/- 336 sq. in. 14/9 

112sq. in. 6/6 240sq. in. 11/3 368 sq. in. 15/9 
144sq. in. 7/9 272 sq. in. 12/6 and pro rata 

P. & P. 3/- P. & P. 3/6 P. & P. 4/- 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers. 
FLANGES (£" or f"), *d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to 3ft at 5/3 sq. ft. 16 s.w.g. (18 s.w.g. 4/6). 

Plus postage and packing 

NYLON P.T.F.E. 
ROD BAR SHEET TUBE STRIP WIRE 

No quantity too small List on application 
BRASS COPPER BRONZE ALUMINIUM LIGHT ALLOYS 

STAINLESS STEEL 
H. ROLLET & CO LTD 

HOWIE STREET, LONDON, S.W.11 BATtersea 7872 
 Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow  

the unique PAN L black crackle paint 
4/-d. per 1/8 pt. Can 

(We regret we can only supply on cash with order basis) 
BRUCE MILLER LTD., 
249 Coastal Chambers, 
Buckingham Palace Road, S.W.1. 

YOUR CAREER IN RADIO? 
Big opportunities and big money await the qualified man in every field of Electronics today—both in the U.K. and through- 9ut the world. We offer the finest home study training for all subjects in radio, television, etc., especially for the CITY It GUILDS EXAMS. (Technicians' Certificates); the Grad. Brit. I.R.E. Exam.; the RADIO AMATEUR'S LICENCE; P.M.G. Certificates: the R.T.E.B. Servicing Certificates; etc. Also courses in Television; Transistors; Radar; Computers; Servo- mechanisms; Mathematics and Practical Transistor Radio course with equipment. We have OVER 20 YEARS' experience in teaching radio subjects and an unbroken record of exam, successes. We are the only privately run British home study Institute specialising in electronic subjects only. Fullest details will be gladly sent without any obligation. 

SENO FOR FREE BROCHURE TO: 
BRITISH NATIONAL RADIO SCHOOL 

DEPT 4, RADIO HOUSE • READING • BERKSHIRE 

(soo/T) SEM1CON-INF SERVICE 
Suppliers of INDUSTRIAL and ENTERTAINMENT types of semi- conductor devices. AMERICAN and CONTINENTAL devices are our speciality. Send 9d. in stamps for price list of more than 650 types. 
TRANSISTORS: 2G 302, 5/8; 2G 374. 4/8; 2G 38I, 4/-; 2G 382, 4/3; 2G 403S, 7/9; 2N 30I/2N 2869, 19/-; 2N 320A, 5/-; 2N 395, 3/9; 2N 404, 4/8; 2N 404A, 6/9; 2N 508, 5/4; 2N 525, 6/-; 2N 697, 13/6; 2N 699, 23/2; 2N 706, 9/9; 2N 708, 19/9; 2N 1302/3, 5/8; 2N 1304/5, 6/9; 2N 1306/7, 8/8; 2N 2613, 6/5; 2N 2712, 10/8; 2N 2926, 4/-; 2N 3053, 13/6; 2N 3241, 7/3; 2N 3605, II/-: 2N 3663. 22/6; 40233, 7/3; 40234, 5/3; C I I I, 18/9; HT 401, 11/3; OC 71. 4/-; OC 72, 4/9. 
VARICAP DIODES: BA 110, 6/3; BA 111, 8/-; BA 112, 13/6; BA 120, 7/9. 
ZENER DIODES: OAZ 205, 9/6; OAZ 207, 10/6. 
Complete range of 5% tolerance devices is available as below: 250mW range. 4.3V to 24V (Type ZB), 7/6 each (ALL VOLTAGES). 400mW range. 2.7V to 33V (Type ZF), 8/6 each (ALL VOLTAGES). 210 Z4 (1.8 Watts 10 Volts), 18/- each. 
Please add 9d. P. & P. on all orders of less than £2. 
MAIL ORDER ONLY PLEASE TERMS: C.W.O. 

M. R. CLIFFORD & CO. (R) 
66 OLD OSCOTT LANE, BIRMINGHAM, 22A 

SO PROFESSIONAL 
... THE YUKAN 
AEROSOL WAY ! 

VX/KAW 

GET THIS AIR DRYING HAMMER FINISH 
YUKAN Aerosol spraykic contains 16 ozs. fine NOW! 
quality, durable, easy instant spray. No stove 
baking required. Available in Grey, Blue, Gold, 
Bronze at 14/11 at our counter or 15/11, carriage 
paid, per pushbutton self-spray can. SPECIAL 
OFFER: 1 can plus optional transferable snap-on 
trigger handle (value 5/-) for 18/11. 

Choice of 13 self-spray plain colours and primer (motor car 
quality) also available. 

Please enclose cheque or P.O. for total amount to: 
YUKAN DEPT RC/1 307a EDGWARE ROAD • LONDON ■ W.2 

THE RADIO CONSTRUCTOR-BOUND VOLUMES 

NOW AVAILABLE 
Volume 18, August 1964 to July 1965. Price £1 10s. Od. Postage 3s. 6d. 

Where all issues are returned: Price £1. Postage 3s. 6d. 
We regret earlier volumes now sold out. 

Send for list containing details of our other publications 

DATA PUBLICATIONS LTD S7 MAIDA VALE LONDON W9 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 

400 THE RADIO CONSTRUCTOR 
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ORDER FORI VI 

TITLE No. £ s. d. 

THE RADIO CONSTRUCTOR 
Price 2/3 each, postage 6d. 
Issue(s) required   

Annual subscription 
commencing with issue 
Price 33/-, post free 

Bound volumes: 
Vol. 18. August 1964 to July 1965 
Price 30/-, postage 3/6 

DATA BOOKS SERIES 
DBS TV Fault Finding 

96 pages. Price 6/-, postage 6d. 
DB6 The Radio Amateur Operator's Handbook 

64 pages. Price 5/-, postage 5d. 
DB14 Short Wave Receivers for the Beginner 

72 pages. Price 6/-, postage 6d. 
DB15 Twenty Suggested Circuits 

48 pages. Price 3/6, postage 5d. 
DB16 Radio Control for Models 

192 pages. Price 15/-, postage 9d. 
DB17 Understanding Television 

512 pages. Price 37/6, postage 2/6 

PANEL-SIGNS TRANSFERS 
Six sheets in each set 
Set 3: Wording — White 
Set 4: Wording — Black 
Set 5; Dials — Control Panels have a clear background 
Set 6: Dials — Control Panels have a black background 

Price per set 4/6, postage 4d. 

£ 
Please send cash with order, regret no C.O.D. 

Overseas customers please pay by International Money Order 

Name .... 

Address 

{Please use Block Capitals for both name and address) 

All publications are obtainable from your local bookseller or direct from 
Data Publications Ltd., 57 Maida Vale, London W.9 

www.americanradiohistory.com



1966 ISO BIG PAGE 
CATALOGUE 

5,000 stocked items. Fully oDir«c 
detailed and illustrated. A/ 
FREE vouchers give 2/- In / ®'" ... 
the £ discount. (Post Pa,d) 

PROVED & TESTED DESIGNS 
FULL AFTER SALES SERVICE AND GUARANTEE 

* CALL IN FOR DEMONSTRATIONS * 
DETAILED LEAFLETS FREE ON REQUEST 

FREE New 12 page catalogue 500 tran- sistors, rectifiers, scrs, light devices, heat sinks, 1,000 crystals, 800 valves, etc. Ask for your FREE copy NOW 

MW/LW POCKET SUPERHET 
- RADIO 

TOTAL COST 
TO BUILD 

85/—P.P 21- 
(Battery 2/6 
Phone 5/-) 

-fc All parts sold 
separately. 6-Transistor design. Push-pull output. -fa 2}" Cleartone speaker. Printed circuit. 

Attractive moulded cabinet. Slow motion tuning. 
^ Full medium and long waves. 
ic Size: 5" x 3" x 1^". 
• AMAZING SENSITIVITY AND SELECTIVITY • 

★ 6-Transistor push-pull design. ★ Uses factory built panels. ★ Permeability geared tuning. ★ Full med./long wave tuning with push- button wave change. ★ Double tuned IFTV ★ Chromed front pans! plate. ★ Size: 7" x A" x 2". Fits any car. ★ Pre-built units sold separately. 
TOTAL 

COST TO 
BUILD 

£8.19.6 P.P. 3/6 
(7" x 4" speaker with car fixing kit and baffle 
board 20/- extra.) 
TWO WAVEBAND ALL-TRANSISTOR 

CAR RADIO TO ASSEMBLE 
• HIGH PERFORMANCE SUPERHET• 

2- AND 4- TRACK TAPE RECORDERS 
TO ASSEMBLE Pre-built 

Equipment—6 
Valves—Collaro 
Studio Decks— 

Portable Cabinets 
with Speakers. 

Complete record 
and playback. ★ 2-track deck 

10 gns. P.P. 5/-. Amplifier 
11 gns. Cabinet with speaker 5 gns. 
OR SPECIAL PRICE r-itP.P. TWO 

8/6 TRACK if 4-track deck £13.10.0. P.P. 5/-. Arnplmer 
12 gns. Cabinet with speaker 5 gns. 

OR SPECIAL PRICE /on P P- FOUR 
(Now with new'363'decks^-^" 8/6 TRACK 

lOW & 20W HI-FI 
Prebuilt and 
tested units. 
Low distor- 

low tion, 
noise 

UNITS 

UNIT 5 

Q 
HITEfl 

★ POWER 
watts R.M.S. 
watts peak. 

- Volume 
UNIT 3 

THE FINEST QUALITY HI-FI 
AT UNBEATABLE PRICES 

AMPLIFIERS 
AMPLIFIERS. 10 
music power. 20 

  r  6-Transistor design. 
Panel size 4" x 2*" x J". Response 
40 c/s to 20 kc/s. 100mV into 
33kL2 input. 

UNIT 1. For 12/15 ohm speakers. 40 volt supply. 
PRICE rr 4 r 
BUILT £5.1 9.6 P P- 2/6 
UNIT 2. For 3 to 5 ohm speakers. 24/28 volt supply. 

PRICE rr m n 
BUILT £5.1 0.0 P-P. 2/6 ★ MAINS UNITS. 59/6. To power 

one amplifier or 69/6 to power two 
amplifiers. (State 24 or 40 volt version.) 
PREAMPLIFIERS Mono and stereo versions, 8 inputs, to 300mV at 1k 

to 500k. Response 30 c/s to 20 kc/s. 
Complete range of controls. Mains 
unit or battery operated. For pick- 
ups, tuners, tape, microphones, etc. 
UNIT 3. Mono full-function pre- 

amplifier. Size 9^" x 2^" x 2". 
BUILT £5.10.0 P.P. 2/- 

(Brown/Gold front panel plate 8/6) 
UNIT 4Simplified version of Unit 3. 

Price 65/-. P.P. 1/6. Panel plate 6/6. 
UNIT 5. Stereo preamplifier for 

use with two units 1 or 2. Size 
9" x 3±" If". 

PRICE f4 /n ^ fx / 
BUILT £1 0.1 9.6 P P 3/6 

(Front panel plate 12/6) 

TRANSISTOR 
TRANSMITTER 

RECEIVERS 

★ i mile range, price per pair 
£7.19.6 

★ 5 mile range, price per pair 
£22.10.0 

4-CHANNEL 
MICROPHONE 

MIXER 

- 

Transistorised, 4 in- 
puts up to 100kQ. 
Full mixing. 49/6 
Stereo 72/6 

SINCLAIR 
. designs ★ Micro-6 MW radio 59/6 
if TR750 "Addon" 

power amp. 39/6 ★ Micro injector 
27/6 

if Micro amp. 28/6 
if X10 Amp. kit 

£5.19.6 
BUILT £6.19.6 

NEW FM RADIO 
POCKET VHF 
KIT £5-19-6 

X20 AMPLIFIER 
Kit £7.19.6 

Built £9.19.6 
Mains unit 

99/6 
Z12 AMPLIFIER 

89/6 
5 WATT AND U WATT 
PACKAGED AMPLIFIERS if 5-Transistor push- 

pull printed cir- 
cuit designs 

if Size only 2}" 
x 2" x 1^". ★ 5 watt 18 
volt, 1^ watt 
12 volt 

if For 3 to 5 ohm 
speakers 

if 7mV into 1 kL2 
30 c/s to 16 kc/s 

PRICES BUILT 
Uw 65/- P-P- 1/6 5w 79/6P P- 1/6 
• Mono PREAMPLIFIER 
Full range of controls, inputs for mics, 
p.-u., tuner, etc. Output 6-1 OmV. 
Suitable for any sensitive transistor 
amplifiers^ as above. 71/12/18V oper- 
ated. Price built/tested incl. panel 
79/6 P.P. 2/6. 

HI-FI ALL MAKESAVA'LABLE—New Hi-Fi ■ 11 I ■ Demonstration Room Opening Shortly 
TRANSISTOR 

PORTABLE TEST 
EQUIPMENT All units size 6i" 

x 41" x 2J". 
if RF generator, 
150 kc/s to 350 
mc/s in 8 ranges. 
RF, Mod. RF, 
AF outputs. 

PRICE £9.10.0 P.P. 2/6 if Resistance/capacitance bridge. £8.5.0. 
P.P. 2/6. ★ Audio generator 10 c/s-100 kc/s. 4 ranges. 
£16.15.0. P.P. 2/6.   

# 

• Size: 9^" x 3^" x 4" ■ 88 to 108 mc/s tuning. 
100mV to 100k£2 output 

% VHF/FM 
I TUNER 

TO 
ASSEMBLE ★ Two pre- 

built plus 
metal work 

and front panel. 
Total Cost 

£12.17.6 
P.P. 2/6  ... - - — .wwrviAfewuvpuv I .1 . A./ U 

- 6-Transistor printed cct. superhet design 

NEW SW/MW/LW PUSH BUTTON 
PORTABLE TO BUILD. 3 wavebands 
TOTAL 
COST 

£8.19.6 
P.P. 3/6 

The only 
fu//y Tunable 
3-waveband 
radio for 
home 
construc- 
tion. 
if Push-button coil pack. 
if 1 watt push-pull output 
if Ferrite aerial/Telex, aerial/special car coils 
if Printed circuit 6-transistor design ★ SW 17/50m. LW 1100/1900m. MW 195/ 

550m, 
if Car aerial and tape sockets 
if Attractive sturdy cabinet with handle. 

Size 11" x 7^" x 3^". Black fabric with 
chrome fittings. 

LET US QUOTE PARTS FOR YOUR CIRCUIT, 
SEND LIST FOR QUICK REPLY 

VHF/FM TRANSISTOR TUNER TO BUILD 

£6.19.6 
P.P. 2/6 

(complete 
with 

frontplate) 
(Gold sprayed | 
cabinet 20/- 
extra). 
if 5-Transistor 4 diodes. 
if Printed circuit superhet. 
if Geared tuning 87 to 105 Mc/s FM 
if RF stage and double tuned IFT's. 
★ Output up to 1 volt peak up to 100kiX if 9 volt 9mA supply. 
if Size in cabinet 4" x 3^" x 2^". 
if All parts sold separately. 

r 

HENRY'S RADIO LTD, 303 EDGWARE ROAD, LONDON, W2 
PADdington 1008/9 

Open Mon. to Sat. 9-6. Thurs. 1 p.m. 
Open all day Saturday 
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